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
ǻ1SĮVLOHQFHVDPLFUR51$SURJUDPWRDEHUUDQWO\LQLWLDWHDZRXQGKHDOLQJ
SURJUDPWKDWSURPRWHV7*)ȕLQGXFHGPHWDVWDVLV

/LGLD5RGULJXH]&DOOHMD&DPLOOH-DFTXHV)UDQoRLV/DPRXUHX[0DUF%DXG¶KXLQ
0DUWD7HOOH]*DEULHO7KLEDXW4XLOODUG'HEDVKLVK6DKD\3LHUUH3HUURW-HURPH
$PLDXG&HOLQH&KDUULHU5HJLV%ULRQ)HUQDQGR/HFDQGD)UDQFN9HUUHFFKLD
'RPLQLTXH+H\PDQQ/HLI:(OOLVHQDQG%HQMDPLQ2U\

,16(5080565XH*DVWRQ9HLO1DQWHV)UDQFH3K\VLRSDWKRORJLHGHOD5pVRUSWLRQ2VVHXVHHW7KpUDSLHGHV7XPHXUV2VVHXVHV3ULPLWLYHV
8QLYHUVLWpGH1DQWHV1DQWHV$WODQWLTXH8QLYHUVLWpV($5XH*DVWRQ9HLO
1DQWHV)UDQFH1DQWHV8QLYHUVLW\+RVSLWDO1DQWHV)UDQFH,QVWLWXW1DWLRQDOGHOD6DQWpHWGHOD5HFKHUFKH0pGLFDOH8QLWp0L[WHGH5HFKHUFKH
8QLYHUVLWp&ODXGH%HUQDUG/\RQ)DFXOWpGH0pGHFLQH'LYLVLRQRI2QFRORJ\$GKHVLRQDQG0HWDVWDVLV/DERUDWRU\&HQWHUIRU$SSOLHG0HGLFDO
5HVHDUFK&,0$8QLYHUVLW\RI1DYDUUD3LR;,,3DPSORQD1DYDUUD6SDLQ0DVVDFKXVHWWV*HQHUDO+RVSLWDO&DQFHU&HQWHUDQG+DUYDUG0HGLFDO6FKRRO%RVWRQ0$
86$

&RVHQLRUDXWKRUDQG&RFRUUHVSRQGLQJDXWKRU



5XQQLQJWLWOH7*)ȕLQGXFHGPHWDVWDWLFGLVVHPLQDWLRQDQGSPL5QHWZRUN



&RUUHVSRQGLQJDXWKRUV 

%HQMDPLQ2U\3K'$VVRFLDWH3URIHVVRU
(PDLO%HQMDPLQRU\#XQLYQDQWHVIU

/HLI:(OOLVHQ0'3K'3URIHVVRU
(PDLO/(//,6(1#PJKKDUYDUGHGX


&RQIOLFWRILQWHUHVW7KHDXWKRUVGHFODUHQRFRQIOLFWRILQWHUHVW
 
on March 18, 2016. © 2016 American Association for Cancer Research.cancerres.aacrjournals.org Downloaded from 
Author manuscripts have been peer reviewed and accepted for publication but have not yet been edited. 
Author Manuscript Published OnlineFirst on March 17, 2016; DOI: 10.1158/0008-5472.CAN-15-2317 
2 
 
$EVWUDFW

3ULPDU\FDQFHUFHOOGLVVHPLQDWLRQ LVDNH\HYHQWGXULQJ WKHPHWDVWDWLFFDVFDGHEXWFRQWH[W
VSHFLILF GHWHUPLQDQWV RI WKLV SURFHVV UHPDLQ ODUJHO\ XQGHILQHG 0XOWLSOH UHSRUWV KDYH
VXJJHVWHG WKDW WKH S 73 IDPLO\ PHPEHU S 73 SOD\V DQ DQWLPHWDVWDWLF UROH
WKURXJK LWV PLQRU HSLWKHOLDO LVRIRUP FRQWDLQLQJ WKH 1WHUPLQDO WUDQVDFWLYDWLRQ GRPDLQ
7$S+RZHYHU WKHUROHDQGFRQWULEXWLRQRI WKHPDMRUSLVRIRUPODFNLQJWKLVGRPDLQ
ǻ1SĮ UHPDLQ ODUJHO\ XQGHILQHG +HUH ZH UHSRUW D GLVWLQFW DQG 7$SLQGHSHQGHQW
PHFKDQLVP E\ ZKLFK ǻ1SĮH[SUHVVLQJ FHOOV ZLWKLQ D 7*)ȕULFK PLFURHQYLURQPHQW
EHFRPH SRVLWLYHO\ VHOHFWHG IRU PHWDVWDWLF GLVVHPLQDWLRQ 2UWKRWRSLF WUDQVSODQWDWLRQ RI
ǻ1SĮH[SUHVVLQJKXPDQRVWHRVDUFRPDFHOOVLQWRDWK\PLFPLFHUHVXOWHGLQODUJHUDQGPRUH
IUHTXHQW OXQJ PHWDVWDVHV WKDQ WUDQVSODQWDWLRQ RI FRQWURO FHOOV 0HFKDQLVWLF LQYHVWLJDWLRQV
UHYHDOHG WKDW ǻ1SĮ UHSUHVVHG PL5 DQG PL5 OHDGLQJ WR WKH XSUHJXODWLRQ RI WZR
7*)ȕHIIHFWRUV60$'DQG7ȕ5,,7*)%5)XUWKHUPRUHZHSURYLGHHYLGHQFHWKDW WKLV
PHFKDQLVP UHIOHFWV D IXQGDPHQWDO UROH IRUǻ1SĮ LQ WKH QRUPDOZRXQGKHDOLQJ UHVSRQVH
:H VKRZ WKDW ǻ1SĮPHGLDWHG UHSUHVVLRQ RI PL5 FRQWUROV D 7*)ȕGHSHQGHQW
VLJQDOLQJQRGHWKDWVZLWFKHVRIIDQWLPLJUDWRU\PL5E\VXSSUHVVLQJWKHH[SUHVVLRQRIWKH
UHJXODWRU\IDFWRU.653.+653&ROOHFWLYHO\WKHVHILQGLQJVUHYHDOWKDWDQRYHOPLFUR51$
QHWZRUNLQYROYHGLQWKHUHJXODWLRQRISK\VLRORJLFDOZRXQGKHDOLQJUHVSRQVHVLVKLMDFNHGDQG
VXSSUHVVHGE\WXPRUFHOOVWRSURPRWHPHWDVWDWLFGLVVHPLQDWLRQ



 
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,QWURGXFWLRQ

7KHSIDPLO\RI WUDQVFULSWLRQIDFWRUV LQFOXGLQJS73S73DQGS73
DUH NH\ SOD\HUV LQ WXPRU GHYHORSPHQW  7KH S JHQH LV WKH SURWRW\SLFDO KXPDQ WXPRU
VXSSUHVVRUDQG LVPXWDWHGRU ORVW LQ WKHPDMRULW\RIKXPDQFDQFHUV 8QOLNHSQHLWKHU
S QRU S H[KLELWV IUHTXHQW VRPDWLF PXWDWLRQ LQ FDQFHU  1HYHUWKHOHVV D WXPRU
VXSSUHVVRUUROHIRUSLVVXJJHVWHGE\JHQHWLFDQGELRFKHPLFDOVWXGLHVZKLOHSKDVEHHQ
OLQNHG WR WXPRULJHQHVLV UDWKHU WKDQ WXPRU VXSSUHVVLRQ  ,Q WKHQRUPDO VWUDWLILHG HSLWKHOLD
SIXQFWLRQVWRPDLQWDLQFHOOXODUUHJHQHUDWLYHSUROLIHUDWLRQDQGVXUYLYDODQGRYHUH[SUHVVLRQ
DQGRUJHQRPLFDPSOLILFDWLRQRISLVREVHUYHGLQDVXEVHWRIKXPDQFDQFHUV

$OO WKUHH S IDPLO\ PHPEHUV HQFRGH SURWHLQV ZLWK KLJKO\ KRPRORJRXV '1$ ELQGLQJ
GRPDLQV WKURXJK ZKLFK WKH\ UHJXODWH ERWK VKDUHG DQG GLVWLQFW VXEVHWV RI WUDQVFULSWLRQDO
WDUJHWV%RWKSDQGSDUHH[SUHVVHGIURPWZRGLVWLQFWSURPRWHUV WKHUHE\SURGXFLQJ
LVRIRUPV WKDW HLWKHU FRQWDLQ RU ODFN WKH 1WHUPLQDO WUDQVDFWLYDWLRQ GRPDLQ 7$SS DQG
∆1SS UHVSHFWLYHO\  'LIIHUHQWLDO P51$ VSOLFLQJ DOVR JLYHV ULVH WR PXOWLSOH &
WHUPLQDO YDULDQWV RI ERWK S DQG S ,Q ERWK QRUPDO HSLWKHOLD DQG LQ HSLWKHOLDO FDQFHUV
LQFOXGLQJKHDGDQGQHFNVTXDPRXVFHOOFDUFLQRPD+16&&SURVWDWHDQGEUHDVWFDQFHU WKH
SUHGRPLQDQW S LVRIRUP H[SUHVVHG LV ∆1Sα  6XSSRUWLQJ WKH FHQWUDO UROH RI WKLV
LVRIRUPVHOHFWLYHNQRFNRXWRI∆1SEXWQRW7$SLQYLYRUHFDSLWXODWHVWKHSKHQRW\SHRI
FRPSOHWHSNQRFNRXW

5HJXODWLRQE\0LFR51$VPL5VLVNQRZQWRFRQWULEXWHWRGLYHUVHFHOOXODUSURFHVVHVLQERWK
QRUPDODQGFDQFHUFHOOV:KLOHSLVNQRZQWRUHJXODWHPL5VWKDWFRQWULEXWHWRLWVIXQFWLRQ
WKHLGHQWLW\DQGFRQWULEXWLRQRISDQGSUHJXODWHGPL5VDUHSRRUO\XQGHUVWRRG
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:HUHFHQWO\GHPRQVWUDWHGWKDWSLWVHOIGLUHFWO\UHJXODWHVDVXEVHWRIPL5VWKDWIXQFWLRQLQD
IHHGIRUZDUGFLUFXLWWRUHJXODWHSOHYHOVDQGDFWLYLW\7KLVILQGLQJLVLQNHHSLQJZLWKDQ
HPHUJLQJ FRQVHQVXV WKDW PL5V DUH SDUWLFXODUO\ SURPLQHQW ZLWKLQ UHJXODWRU\ FLUFXLWV
FRQWUROOLQJ WUDQVFULSWLRQ IDFWRU IXQFWLRQV (PHUJLQJ GDWD VXJJHVW WKDW VXFK FLUFXLWV PD\ EH
SDUWLFXODUO\ LPSRUWDQW IRU UHJXODWLRQ RI FHOOXODU IXQFWLRQV DVVRFLDWHG ZLWK WXPRU PHWDVWDVLV
 ,Q WKH ODVW GHFDGH VHYHUDO PL5V KDYH EHHQ LGHQWLILHG DV SURPRWHUV RU VXSSUHVVRUV RI
PHWDVWDWLF GLVVHPLQDWLRQ 7KHVH PL5V UHJXODWH PHWDVWDVLV WKURXJK GLYHUJHQW RU FRQYHUJHQW
UHJXODWLRQRIPHWDVWDWLFJHQHVZLWKLQVSHFLILFSDWKZD\V7KHFRQVHTXHQFHVRIWKLVUHJXODWLRQ
FDQEHWKHPRGLILFDWLRQRIWKHFDQFHUFHOOSKHQRW\SHLWVHOIRUDPRGLILFDWLRQRIWKHPHWDVWDWLF
PLFURHQYLURQPHQWFRPSRVLWLRQ

2QHVXFKPHWDVWDWLFSDWKZD\SRWHQWLDOO\XQGHUWKHFRQWURORIPL5VLVWKH7*)ȕSDWKZD\
7*)ȕLVDXELTXLWRXVO\H[SUHVVHGF\WRNLQHWKDWUHJXODWHVQXPHURXVELRORJLFDODFWLYLWLHV LQD
ZLGH UDQJH RI WLVVXHV ,Q DGGLWLRQ WR LWV UROH LQ UHJXODWLQJ FHOO GHYHORSPHQW GLIIHUHQWLDWLRQ
DQGVXUYLYDO7*)ȕLQKLELWVWKHSUROLIHUDWLRQRIHSLWKHOLDOHQGRWKHOLDODQGKHPDWRSRLHWLFFHOO
OLQHDJHV  $ KDOOPDUN RI QHRSODVWLF WUDQVIRUPDWLRQ LV WKH UHVLVWDQFH WR 7*)ȕPHGLDWHG
F\WRVWDVLV ZKLFK XOWLPDWHO\ FRQYHUWV WKH VLJQDOV SURGXFHG E\ WKLV F\WRNLQH LQWR RQFRJHQLF
DFWLYLWLHV DQG SDUWLFXODUO\ HQKDQFHG FDQFHU FHOO LQYDVLRQ DQG PHWDVWDVLV 7KLV GUDPDWLF
PRGLILFDWLRQ RI 7*)ȕ IXQFWLRQ XQGHUOLHV WKH DGYHUVH SURJQRVLV DVVRFLDWHG ZLWK HOHYDWHG
7*)ȕOHYHOVLQGHYHORSLQJFDUFLQRPDVLQYROYLQJWKHLUDFTXLVLWLRQRIHSLWKHOLDOPHVHQFK\PDO
WUDQVLWLRQ(07DQGPHWDVWDWLFFKHPRUHVLVWDQWSKHQRW\SHV7KHPROHFXODUPHFKDQLVPV
ZKHUHE\ 7*)ȕ SURPRWHV WKH SURJUHVVLRQ RI ODWH VWDJH FDUFLQRPDV DV ZHOO DV FDQFHU FHOO
LQYDVLRQ DQG PHWDVWDVLV UHPDLQ WR EH HOXFLGDWHG KLJKOLJKWLQJ WKH QHHG WR XQGHUVWDQG WKH
VHHPLQJO\SDUDGR[LFDODFWLYLWLHVRI7*)ȕLQQRUPDODQGPDOLJQDQWFHOOV

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7KH SRWHQWLDO UROH RI S LQ PHWDVWDVLV UHJXODWLRQ UHPDLQV SRRUO\ XQGHUVWRRG 7KH 7$S
LVRIRUPZDV LGHQWLILHGDVDPHWDVWDVLVVXSSUHVVRUE\GHFUHDVLQJPRELOLW\DQG LQYDVLRQ
$GGLWLRQDOO\ $GRUQR 0 et al KDYH GHVFULEHG D PHFKDQLVP ZKHUHE\ 7*)ȕ IXQFWLRQV
XSVWUHDPWRDEURJDWH7$SPHGLDWHGPHWDVWDVLVVXSSUHVVLRQWKURXJKIRUPDWLRQRIDWHUQDU\
FRPSOH[ LQYROYLQJPXWDQWSDQG60$' ,QFRQWUDVW WKH UHODWLRQVKLS LIDQ\RI WKH
PDMRU ∆1Sα LVRIRUP WR PHWDVWDVLV DQG 7*)ȕ UHPDLQ FRQWURYHUVLDO 2QH VWXG\ GHVFULEHG
∆1SαDVDSURPHWDVWDWLFSURWHLQZKLOH WZRUHFHQWFRQWUDGLFWRU\VWXGLHVGHVFULEHǻ1S
LVRIRUPDVSURRUDQWL(07LQD7*)ȕGHSHQGHQWPDQQHU

+HUHZHUHSRUWDV\VWHPLFDQDO\VLVRISUHJXODWHGPL5VZKLFKXQFRYHUHGDSURPLQHQWDQG
VHOHFWLYHFRQWULEXWLRQRI∆1SαWRPL5GHSHQGHQWFRQWURORIWKH7*)ȕSDWKZD\:HVKRZ
WKDWȴ1SDQG7$SEXWQRW7$SFRQWUROWKHH[SUHVVLRQRIPL5DQGPL5WZR
PL5V WKDW UHSUHVV WKHFHQWUDO7*)ȕUHJXODWRUV60$'DQG7*)%5:HSURYLGHHYLGHQFH
WKDWWKLVSPHGLDWHGSDWKZD\LVOLQNHGWRFRQWURORIQRUPDOZRXQGKHDOLQJWKURXJK7*)ȕ
GHSHQGHQW UHJXODWLRQ RI WKH .653 PL5 D[LV ,Q WXPRUV ZH VKRZ WKDW WKLV UHJXODWRU\
QHWZRUNRUFKHVWUDWHVWKHPHWDVWDWLFGLVVHPLQDWLRQRIWXPRUFHOOVZLWKLQWKH7*)ȕFRQWDLQLQJ
PLFURHQYLURQPHQW7DNHQ WRJHWKHURXU ILQGLQJV LPSOLFDWHDPL5GHSHQGHQWFLUFXLW LQYROYHG
LQ QRUPDO ZRXQG KHDOLQJ YLD ∆1Sα DV D NH\ PHGLDWRU RI 7*)ȕ LQGXFHG PHWDVWDWLF
GLVVHPLQDWLRQ
 
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0DWHULDOVDQG0HWKRGV
Tumor cell line and patient tumor material 
7KH FHOO OLQHV -+8 ZDV WKH JHQHURXV JLIWV RI 'DYLG 6LGUDQVN\ -RKQV +RSNLQV
8QLYHUVLW\ 7KLV OLQH ZDV PDLQWDLQHG E\ WKH 0*+ &HQWHU IRU 0ROHFXODU 7KHUDSHXWLFV FHOO
OLQH EDQN DQG XQGHUZHQW KLJKGHQVLW\ VLQJOH QXFOHRWLGH SRO\PRUSKLVP 613 W\SLQJ
UHYHDOLQJWKDWHDFKZDVXQLTXHFRPSDUHGZLWK!RWKHUEDQNHGOLQHV6WRFNVRI-+8
XVHG LQ WKLV VWXG\H[SUHVVQRZLOGW\SHSGXH WRD IUDPHVKLIWPXWDWLRQ LQSFRGRQ
WKDW UHVXOWV LQ SUHPDWXUH WUXQFDWLRQ 7HWUDF\FOLQHLQGXFLEOH +$7$Sβ FHOOV ZHUH
HVWDEOLVKHGLQ-+8XVLQJWKH75([SODVPLGV\VWHP,QYLWURJHQ&HOOVZHUHPDLQWDLQHG
DW&ZLWK&2 LQHLWKHU530,/RQ]DVXSSOHPHQWHGZLWK)%6SHQLFLOOLQDQG
VWUHSWRP\FLQ
7KH KXPDQ RVWHRVDUFRPD FHOO OLQHV 011*+26 \RXQJ IHPDOH KLJK JUDGH RVWHRVDUFRPD
IURPIHPXURULJLQ WUDQVIRUPHG LQYLWURE\1PHWK\O1
QLWUR1QLWURVRJXDQLGLQH WUHDWPHQW
ZHUHSXUFKDVHG IURP WKH$PHULFDQ7\SH&XOWXUH&ROOHFWLRQDQGPDLQWDLQHG LQ530,
/RQ]DVXSSOHPHQWHGZLWKIHWDOERYLQHVHUXPDQGPPRO//JOXWDPLQH$OOFHOOOLQHV
ZHUHFXOWXUHGLQDKXPLGLILHG&2DLUDWPRVSKHUHDWR&7KHFHOOOLQHZDVPDLQWDLQHG
E\RXU8QLYHUVLW\FHOOIDFLOLW\*HQHWLFFKDUDFWHULVWLFVZHUHGHWHUPLQHGE\3&5VLQJOHORFXV
WHFKQRORJ\ E\ (XURILQV FRPSDJQ\ XVLQJ 3URPHJD 3RZHU3OH[  3&5 .LW  $OO FHOO OLQHV
ZHUHSDVVDJHGIRUOHVVWKDQPRQWKVDQGWHVWHGLQ-XO\
2VWHRVDUFRPDFHOOOLQHVVXESRSXODWLRQVZHUHREWDLQHGDWWKHWLPHRIGLDJQRVWLFELRSV\%RU
DIWHUVXUJLFDOUHVHFWLRQRIOXQJPHWDVWDVLV0LQSDWLHQWVGLDJQRVHGZLWKRVWHRVDUFRPDDWWKH
+RVSLWDO RI WKH 8QLYHUVLW\ RI 1DYDUUD &OtQLFD 8QLYHUVLGDG GH 1DYDUUD &81 3DPSORQD
6SDLQ 7KH FOLQLFDO IHDWXUHV RI FOLQLFDO VDPSOHV DUH DYDLODEOH LQ VXSSOHPHQWDO 7DEOH 
6DPSOHVZHUHREWDLQHGIROORZLQJSDWLHQWLQIRUPHGFRQVHQWDQGDIWHUHWKLFDODSSURYDOE\WKH
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1DYDUUD 8QLYHUVLW\ +RVSLWDO (WKLFV &RPPLWWHH $OO VXESRSXODWLRQV ZHUH WKRURXJKO\
FKDUDFWHUL]HGDVSUHYLRXVO\GHVFULEHG3DWLxR*DUFtDHWDO&OLQ&DQFHU5HV
Micro-RNA micro Array analysis 
)RU HDFK VDPSOH ȝJ RI 7UL]RO H[WUDFWHG WRWDO 51$ ZHUH SXULILHG XVLQJ WKH 51HDV\ 0LQL
&OHDQXS .LW 4LDJHQ $IWHU KDYLQJ SDVVHG VDPSOH TXDOLW\ FRQWURO RQ WKH %LRDQDO\VHU
WKH VDPSOHV ZHUH ODEHOOHG XVLQJ WKH PL5&85< +\+\ SRZHU ODEHOOLQJ NLW DQG
K\EULGL]HGRQWKHPL5&85</1$$UUD\Y([LTRQ6SLNHLQFRQWUROVZHUHDGGHG
LQ YDULRXV FRQFHQWUDWLRQV FRYHULQJ WKH IXOO VLJQDO UDQJH LQ ERWK +\ DQG +\ ODEHOOLQJ
UHDFWLRQV JLYLQJ WKH RSSRUWXQLW\ WR HYDOXDWH WKH ODEHOOLQJ UHDFWLRQ K\EULGL]DWLRQ DQG WKH
SHUIRUPDQFH RI WKH DUUD\ H[SHULPHQW LQ JHQHUDO 7KH TXDQWLILHG VLJQDOV EDFNJURXQG
FRUUHFWLRQ ZHUH QRUPDOL]HG XVLQJ WKH JOREDO /RZHVV /2FDOO\:(LJKWHG 6FDWWHUSORW
6PRRWKLQJUHJUHVVLRQDOJRULWKP7KHGLDJUDPRQO\UHSUHVHQWWKHPLFUR51$VWKDWSDVVHGWKH
ILOWHULQJFULWHULDDFURVVVDPSOHV)ROG&KDQJH!7KHPLFURDUUD\GDWDGLVFXVVHG LQ WKLV
SXEOLFDWLRQKDYHEHHQGHSRVLWHGLQ1&%,*HQH([SUHVVLRQ2PQLEXV*(26HULHVDFFHVVLRQ
QXPEHU*6(
Transient transfection of pre-miR
TM
 and anti-miR
TM
 
$OO WKH SUHPL570 DQG DQWLPL570 ZHUH REWDLQHG IURP $PELRQ DQG WUDQIHFWHG DW D ILQDO
FRQFHQWUDWLRQRIQ0XVLQJWKHVL32571HR);7UDQVIHFWLRQ$JHQW$PELRQDFFRUGLQJ WR
WKH PDQXIDFWXUHU¶V SURWRFRO 7KH SUHPL570 DQG DQWLPL570 1HJDWLYH &RQWUROV XVHG DUH
UDQGRPVHTXHQFHVWKDWKDYHEHHQWHVWHGLQKXPDQFHOOOLQHVDQGWLVVXHVDQGYDOLGDWHGWRQRW
SURGXFHLGHQWLILDEOHHIIHFWV
Transient transfection of TAp73b and ǻNp63Į 
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%RWK7$SȕDQGǻ1SĮVHTXHQFHVZHUH LQVHUWHG LQSF'1$YHFWRU,QYLWURJHQJRI
'1$ ZHUH WUDQVIHFWHG XVLQJ )X*(1( +' 7UDQVIHFWLRQ 5HDJHQW 3URPHJD DFFRUGLQJ WR
WKHPDQXIDFWXUHU¶VSURWRFRO:HXVHGSF'1$HPSW\YHFWRUDVDFRQWURO7KHVHDVVD\VZHUH
DOOSHUIRUPHGDVGHVFULEHG
Cell proliferation 
-+8FHOOV [ZHOOZHUHSODWHG LQP/530,ZLWK)%6DQGWUHDWHG
ZLWKSUHPL5VDQGDQWLPL5VDW LQGLFDWHGFRQFHQWUDWLRQKDIWHU WUDQVIHFWLRQDVROXWLRQRI
:67 ZDV DGGHG WR WKH ZHOOV &HOO SUROLIHUDWLRQ ZDV DVVHVVHG E\ RSWLFDO GHQVLW\
PHDVXUHPHQW DWQPZLWK9LFWRU 0XOWLODEHO&RXQWHU3HUNLQ(OPHU7KHYLDELOLW\
SHUFHQWDJH LVFDOFXODWHGE\2'DWQPZLWK LQGLFDWHGSUHPL52'DWQPZLWKSUH
PL5FRQWURO[(DFKDVVD\ZDVUHSHDWHGLQWULSOLFDWH
Western blotting analysis 
6DPSOHV FRQWDLQLQJ HTXDO DPRXQWV RI SURWHLQ GHSHQGLQJ RQ WKH DQWLERG\ J IURP
O\VDWHVRIFXOWXUHGFHOOOLQHVXQGHUZHQWHOHFWURSKRUHVLVRQ6'6SRO\DFU\ODPLGHJHODQGZHUH
WUDQVIHUUHG WR 39') PHPEUDQHV 7KH PHPEUDQHV ZHUH EORFNHG LQ  %6$3%6
7ZHHQ DW URRP WHPSHUDWXUH IRU K DQG EORWV ZHUH SUREHG RYHUQLJKW DW & ZLWK SULPDU\
DQWLERGLHV7ȕ5,,$EFDP60$'6DQWD&UX]%LRWHFKQRORJLHV60$'
DQG360$'&HOO6LJQDOLQJ7HFKQRORJLHVS6LJPD$OGULFKS
&DOELRFKHPRU*$3'+&HOOVLJQDOLQJWRGHWHFWSURWHLQVRILQWHUHVW$IWHU
LQFXEDWLRQWKHPHPEUDQHVZHUHZDVKHGWLPHVZLWKZDVKLQJEXIIHU3%6FRQWDLQLQJ
7ZHHQ IRU PLQ 0HPEUDQHV ZHUH WKHQ LQFXEDWHG IRU K ZLWK  GLOXWHG VHFRQGDU\
DQWLERGLHV 6DQWD &UX] %LRWHFKQRORJLHV 6DQWD &UX] &$ DW URRP WHPSHUDWXUH 6SHFLILF
SURWHLQVZHUHGHWHFWHGXVLQJ*%R[6\QJHQH&DPEULGJH8.DIWHUZDVKLQJ
Quantitative Reverse Transcription-PCR 
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7RWDO51$ZDVH[WUDFWHGIURPFXOWXUHGFHOOVKXPDQELRSVLHVRU[HQRJUDIWVXVLQJ75,UHDJHQW
,QYLWURJHQ/LIH7HFKQRORJLHV7RWDO51$ZDVUHYHUVHGWUDQVFULEHGXVLQJWKH7KHUPR6FULSW
573&5 6\VWHP /LIH 7HFKQRORJLHV 5HDOWLPH PRQLWRULQJ RI 3&5 DPSOLILFDWLRQ RI
FRPSOHPHQWDU\ '1$ F'1$ ZDV SHUIRUPHG XVLQJ '1$ SULPHUV SULPHUV VHTXHQFHV DUH
DYDLODEOH LQ 6XSSOHPHQWDU\ 7DEOH  RQ &); UHDOWLPH 3&5 GHWHFWRU V\VWHP %LR5DG
0DUQHV OD &RTXHWWH )UDQFH ZLWK 6<%5 3&5 0DVWHU 0L[ EXIIHU %LR5DG 7DUJHW JHQH
H[SUHVVLRQZDVQRUPDOL]HGWRWKHDYHUDJHB2MDQGGAPDH OHYHOV LQUHVSHFWLYHVDPSOHVDV
DQLQWHUQDOVWDQGDUGDQGWKHFRPSDUDWLYHF\FOHWKUHVKROG&WPHWKRGZDVXVHGWRFDOFXODWH
UHODWLYHTXDQWLILFDWLRQRIWDUJHWP51$V(DFKDVVD\ZDVSHUIRUPHGLQWULSOLFDWH
Quantitative Reverse Transcription-PCR miR 
$VSHFLILF57ZDVSHUIRUPHGIRUHDFKPL5IURPQJRIWRWDO51$XVLQJDVSHFLILFVWHP
ORRS57SULPHUQ0DQGWKH0XOWL6FULEH5HYHUVHWUDQVFULSWDVH$SSOLHG%LRV\VWHPV7KH
57 FRQGLWLRQV ZHUH DV IROORZV  PLQXWHV DW & IROORZHG E\  VHFRQGV DW & 
VHFRQGVDW&VHFRQGDW&IRUF\FOHVDQGILQDOO\PLQXWHVDW&0DWXUHPL5V¶
H[SUHVVLRQ OHYHOVZHUH PHDVXUHG E\ UHDOWLPH T573&5 XVLQJ WKH6<%5 3&5 0DVWHU 0L[
EXIIHU%LR5DGDQGD&);UHDOWLPH3&5GHWHFWRUV\VWHP%LR5DG7KHH[SUHVVLRQRI
HDFK JHQH ZDV QRUPDOL]HG WR WKH VPDOO QXFOHDU 8% 51$ DV D UHIHUHQFH $OO H[SHULPHQWV
ZHUH SHUIRUPHG LQ WULSOLFDWH 3ULPHU VHTXHQFHV IRU WKH 57 DQG T3&5 DUH DYDLODEOH LQ
6XSSOHPHQWDU\7DEOHDQGUHVSHFWLYHO\
Lentiviral and retroviral production and mRNA QRT-PCR 
3VK51$OHQWLYLUDOSDUWLFOHVZHUHSURGXFHGE\WUDQVIHFWLRQRIUHTXLUHGYLUDOSODVPLGVJ
RIHDFK56955(5*5969*DQGJRIS$OOLVRIRUPVVK51$S$OOVLRUJRI
*)3 VK51$ *)3VL IROORZLQJ WKH PDQXIDFWXUHU¶V SURWRFRO &DO3KRV 7UDQVIHFWLRQ .LW
&ORQWHFKLQ+(.7FHOOOLQH+(.7ZHUHFXOWXUHGLQ'0(0PHGLXPHQULFKHGZLWK
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)%6DQG;QRQHVVHQWLDODPLQRDFLGV/RQ]D-+8FHOOVZHUHLQIHFWHGZLWK+(.
7VXSHUQDWDQWVZLWK*)3VLDVDFRQWURORUS$OOVLDQGVHOHFWHGE\DQWLELRWLFUHVLVWDQFH
SXURP\FLQ JP/ IRU VHYHUDO ZHHNV 3 $OO LVRIRUPVVK51$ WDUJHWHG VHTXHQFH LV ¶
***7*$*&*7*77$77*$7*&7¶3GLUHFWHGVK51$ZDVYDOLGDWHGQRWWRFURVVUHDFW
ZLWKSRUS3ULPHUVHTXHQFHVIRUP51$4573&5YDOLGDWLRQDUHVKRZQLQ7DEOH

3UTR Reporter assays 
FHOOVZHUH VHHGHG LQZHOOSODWHV DQGZHUH WUDQVIHFWHGZLWK WKH LQGLFDWHG UHSRUWHU
FRQVWUXFWV GHSHQGLQJ RQ WKH GLIIHUHQW FRQGLWLRQV /\VDWHV ZHUH SUHSDUHG DW  KRXUV DIWHU
WUDQVIHFWLRQDQGOXFLIHUDVHDFWLYLW\ZDVPHDVXUHGXVLQJWKH'XDO/XFLIHUDVH5HSRUWHU$VVD\
V\VWHP3URPHJDDQGDOXPLQRPHWHU0LFUR/XPDW3OXV(*	*%HUWKROG
)RU3$,UHSRUWHUDVVD\FHOOVZHUHWUDQVIHFWHGZLWKWKHUHSRUWHUYHFWRU&$*$OX[DQG
S5/69FRQWDLQLQJ5HQLOOD OXFLIHUDVH3URPHJD WRJHWKHUZLWK7$Sȕǻ1SĮRUSUH
PL5V IROORZLQJ PDQXIDFWXUHU¶V UHFRPPHQGDWLRQ VL3257 1HR); 7UDQVIHFWLRQ $JHQW
,QYLWURJHQ&$*$OX[UHSRUWHUYHFWRUZDVJHQHUDWHGXVLQJS*/EDVLFYHFWRU3URPHJD
ZKHUH  UHSHWLWLRQV RI WKH &$*$ ER[ VHTXHQFH ZHUH LQVHUWHG EHWZHHQ %JO,, DQG +LQG,,,
UHVWULFWLRQVLWHV
)URP WKH 011*+26 FHOO OLQH F'1$ WZR IUDJPHQWV RI WKH SMAD4 ¶875 ES
ESDQGESESSULPHUVVHTXHQFHVDUHLQVXSSOHPHQWDOWDEOHZHUHVHSDUDWHO\
FORQHG LQWRS0,55(3257/XFLIHUDVHYHFWRUV $PELRQXVLQJ WKH3ODWLQXP7DT'1$
3RO\PHUDVH+LJK)LGHOLW\/LIHWHFKQRORJLHV(DFKIUDJPHQWZDVFORQHGGRZQVWUHDPRIWKH
)LUHIO\/XFLIHUDVHEHWZHHQ+LQG,,,DQG6SH,UHVWULFWLRQVLWHV
)RUSmad4¶875UHSRUWHUDVVD\VFRWUDQVIHFWLRQZLWKQJRIHLWKHUFRQWUROUHSRUWHUYHFWRU
S0,5 FRQWURO $PELRQ 875UHSRUWHU YHFWRU S0,5 SMAD4 ¶875 RU PXWDWHG 875
on March 18, 2016. © 2016 American Association for Cancer Research.cancerres.aacrjournals.org Downloaded from 
Author manuscripts have been peer reviewed and accepted for publication but have not yet been edited. 
Author Manuscript Published OnlineFirst on March 17, 2016; DOI: 10.1158/0008-5472.CAN-15-2317 
11 
 
UHSRUWHUYHFWRUS0,5PXWDWHGSMAD4¶875DOO WRJHWKHUZLWKSUHDQWLPL5VFRQWURO
RUS0DQGQJRIS5/693URPHJDZDVSHUIRUPHG
)RU SVLFKHFN TȕRII ¶875 UHSRUWHU DVVD\V FHOOV ZHUH FRWUDQVIHFWHG ZLWK FRQWURO
UHSRUWHU YHFWRU SVLFNHFN FRQWURO 3URPHJD 875UHSRUWHU YHFWRU SVLFKHFN TȕRII
¶875 RU PXWDWHG 875UHSRUWHU YHFWRU SVLFKHFN PXWDWHG TȕRII ¶875 WRJHWKHU ZLWK
SUHDQWLPL5VFRQWURODQGS0ZDVGRQH
3VLFKHFN 7ȕ5,, ¶875 ZDV D NLQG JLIW IURP 'U ,RDQQD .HNOLNRJORX *HUPDQ &DQFHU
5HVHDUFK&HQWHU'.)=+HLGHOEHUJ*HUPDQ\ZKHUH
875RIWKHTȕRIIJHQHZDVLQVHUWHG
EHWZHHQ;KR,DQG1RW,VLWHVRIWKHSVLFKHFNYHFWRU
TȕRII and SMAD4 3UTR site directed mutagenesis 
$FFRUGLQJWRWKH7DUJHW6FDQGDWDEDVHPL5UHFRJQL]HVWZRSXWDWLYHVHTXHQFHVZLWKLQWKH
SMAD4 ¶875 DQG PL5 UHFRJQL]HV WZR SXWDWLYH VHTXHQFHV ZLWKLQ WKH TȕRII ¶875
VXSSOHPHQWDOILJXUH
0XWDQWVHHGELQGLQJVHTXHQFHVZHUHFUHDWHGZLWK4XLFNFKDQJHOLJKWQLQJ0XOWLVLWH'LUHFWHG
0XWDJHQHVLV NLW $JLOHQW WHFKQRORJLHV ,QF DFFRUGLQJ WR WKH PDQXIDFWXUHU¶V LQGLFDWLRQV
0XWDJHQLFSULPHUVZHUHUDQGRPO\GHVLJQHGZLWKWKHZHEEDVHG4XLFNFKDQJH3ULPHU'HVLJQ
3URJUDPVXSSOHPHQWDOWDEOH)RU¶875SMAD4IUDJPHQWDQGIUDJPHQWDVLQJOHVHHG
VHTXHQFHZDVPXWDWHG)RU¶875TȕRIIVHHGVHTXHQFHVZHUHPXWDWHGVXSSOHPHQWDOILJXUH

Migration and invasion tests 
7R HYDOXDWH PLJUDWLRQ DELOLW\ -+8 RU 011*+26 FHOO OLQHV ZHUH WUDQVIHFWHG ZLWK
7DSȕ ǻ1SĮ DQG FRQWURO YHFWRUV RU LQGLFDWHG SUHPL5VDQWLPL5V $IWHU K RI
WUDQVIHFWLRQFHOOVZHUHVWDUYHGGXULQJKRXUVZLWK530,VXSSOHPHQWHGZLWK)%6
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DQGWKHQSUHWUHDWHGRUQRWZLWKQJP/7*)ȕ5	'V\VWHPV$OOGLIIHUHQWFRQGLWLRQVZHUH
WU\SVLQL]HGDQGWUHDWHGRUQRWZLWKQJP/7*)ȕEHIRUHEHLQJVHHGHGRQWKHXSSHUVLGHRID
7UDQVZHOO FKDPEHU )DOFRQ RQ D SRURXV WUDQVSDUHQW SRO\HWK\OHQH WHUHSKWKDODWH 3(7
PHPEUDQHȝPSRUHVL]H'LIIHUHQWFHOOGHQVLWLHVZHUHXVHGGHSHQGLQJRQWKHH[SHULPHQW
WR LQFUHDVH RU GHFUHDVH FHOO PLJUDWLRQ ,QGHHG WR EH DEOH WR REVHUYH DQ LQFUHDVHG FHOO
PLJUDWLRQLQRXUH[SHULPHQWDOFRQGLWLRQVZHVKRXOGQRWDOUHDG\KDYHDVDWXUDWHGPLJUDWLRQLQ
RXU FRQWURO FRQGLWLRQ 7KH SHUFHQWDJH PLJUDWLRQ LQFUHDVH YDULDWLRQ EHWZHHQ WKH GLIIHUHQW
FRQWURO FRQGLWLRQV SUHPL5 &W DQG DQWLPL5 &W LV YROXQWDULO\ VHW XS E\ FHOO FRQIOXHQFH
YDULDWLRQ WR IDFLOLWDWH WKH REVHUYDWLRQ RI HLWKHU DQ LQFUHDVH RU D GHFUHDVH FHOO PLJUDWLRQ LQ
SUHVHQFH RI 7*)ȕ 7KH ORZHU FKDPEHU RI WKH WUDQVZHOO ZDV ¿OOHG ZLWK JURZWK PHGLXP
FRQWDLQLQJ)%6$IWHUKRXUVRILQFXEDWLRQFHOOVRQWKHXSSHUVLGHRIWKH¿OWHUVZHUH
PHFKDQLFDOO\ UHPRYHGDQGFHOOVPLJUDWHG WR WKH ORZHUVLGHZHUH¿[HGZLWKJOXWDUDOGHK\GH
VWDLQHGZLWKYLROHWFU\VWDODQGFRXQWHG)LYHUDQGRPILHOGVZHUHDQDO\]HGIRU
HDFKFKDPEHU
0DWULJHOFRDWHG WUDQVZHOO ZHUH XVHG IRU LQYDVLRQ DVVD\ QJ 0DWULJHOZHOO $IWHU  K
LQFXEDWLRQFHOOVWKDWKDGLQYDGHGWRWKHORZHUVXUIDFHRIPHPEUDQHZHUHIL[HGVWDLQHGDQG
FRXQWHG)LYHUDQGRPILHOGVZHUHDQDO\]HGIRUHDFKFKDPEHU 
Wound-healing test 
[-+8FHOOVZHUHVHHGHGLQZHOOSODWHDQGWUDQVIHFWHGZLWK7DSȕǻ1SĮDQG
FRQWURO YHFWRUV RU LQGLFDWHG SUHPL5VDQWLPL5V K DIWHU WUDQVIHFWLRQ FHOOV ZHUH VWDUYHG
GXULQJ  KRXUV ZLWK 530,  VXSSOHPHQWHG ZLWK  )%6 DQG WKHQ WUHDWHG RU QRW ZLWK
QJP/7*)ȕKODWHUZHOOVZHUHFRQIOXHQWDQGVFUDWFKHVZHUHSHUIRUPHG&HOOPLJUDWLRQ
ZDV UHFRUGHG GXULQJ K HYHU\  PLQXWHV DW IL[HG SRLQWV DQG QRW UHFRYHUHG DUHDV ZHUH
FDOFXODWHG 
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Zymography 
7KH SUHVHQFH RI 003 DQG 003 LQ VHUXPIUHH FRQGLWLRQHG PHGLD ZDV DQDO\]HG E\
]\PRJUDSK\LQVRGLXPGRGHF\OVXOIDWH±SRO\DFU\ODPLGHJHOVFRQWDLQLQJPJP/JHODWLQ
6LJPD$OGULFK$IWHUUHPRYDORIVRGLXPGRGHF\OVXOIDWHZLWK7ULWRQ;QHXWUDOSURWHDVH
DFWLYLW\ZDVUHYHDOHGE\LQFXEDWLRQRIWKHJHOVIRUKRXUVDW&LQP07ULVEXIIHUS+
FRQWDLQLQJP0&D&,IROORZHGE\VWDLQLQJLQ&RRPDVVLHEOXH LQDQDTXHRXV
VROXWLRQFRQWDLQLQJLVRSURSDQRODQGDFHWLFDFLG3LFWXUHVZHUHWDNHQXVLQJ*%R[
6\QJHQH&DPEULGJH8.
Animal Treatment 
$OO SURFHGXUHV LQYROYLQJ PLFH >WKHLU KRXVLQJ LQ WKH ([SHULPHQWDO 7KHUDSHXWLF 8QLW DW WKH
)DFXOW\RI0HGLFLQHRI1DQWHV)UDQFHDQGFDUHWKHPHWKRGE\ZKLFKWKH\ZHUHDQHVWKHWL]HG
DQGNLOOHGDQGDOOH[SHULPHQWDOSURWRFROV@ZHUHFRQGXFWHGLQDFFRUGDQFHZLWKWKHLQVWLWXWLRQDO
JXLGHOLQHV RI WKH )UHQFK (WKLFDO &RPPLWWHH &(($3G/ 0LFH ZHUH DQHVWKHWL]HG E\
LQKDODWLRQRIRILVRIOXUDQHDLU/PLQ7XPRUYROXPHZDVPHDVXUHGWLPHVZHHNO\
DQGWXPRUYROXPHZDVFDOFXODWHGE\XVLQJWKHIRUPXODOHQJWK[WKLFNQHVV'DWDSRLQWV
ZHUHH[SUHVVHGDVDYHUDJHWXPRUYROXPH6(0
ȴ1SĮ011*+26 011*+26 FHOOV ZHUH WUDQVLHQWO\ WUDQVIHFWHG ZLWK HLWKHU SF'1$
HPSW\ YHFWRU RU SF'1$ǻ1SĮ ,QYLWURJHQ IROORZLQJ WKH PDQXIDFWXUHU¶V SURWRFRO
)X*(1(+'7UDQVIHFWLRQ5HDJHQW3URPHJD&HOOVH[SUHVVLQJWKHLQVHUWZHUHVHOHFWHGE\
DQWLELRWLFSUHVVXUHPJP/JHQHWLFLQIRUVHYHUDOZHHNV011*+26RVWHRO\WLF[HQRJUDIW
PRGHOZDVLQGXFHGE\SDUDWLELDOLQMHFWLRQRIîRIHLWKHUFRQWURORUǻ1SĮRYHUSUHVVLQJ
KXPDQ 011*+26 FHOOV LQ ILYH ZHHNVROG IHPDOH DWK\PLF QXGH PLFH +DUODQ 6SUDJXH
'DZOH\,QF7XPRUYROXPHVZHUHPRQLWRUHGXQWLODPD[LPXPRIPP7XPRUDQG
PHWDVWDVLVVDPSOHVZHUHFROOHFWHGWRDQDO\]HJHQHH[SUHVVLRQE\57T3&5
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3UHPL5LQMHFWLRQ+26RVWHRO\WLF[HQRJUDIWPRGHOZDVLQGXFHGE\DQLPLQMHFWLRQRIî
KXPDQ+26/XF)*)3FHOOVQH[WWRWKHWLELDRIILYHZHHNROGIHPDOHDWK\PLFQXGHPLFH
+DUODQ 6SUDJXH'DZOH\ ,QF OHDGLQJ WR D UDSLGO\ JURZLQJ WXPRU LQ VRIW WLVVXH ZLWK
VHFRQGDU\FRQWLJXRXVERQHLQYDVLRQ2QFHSDOSDEOHWXPRUVPLFHZHUHUDQGRPO\DVVLJQHGWR
SUHPL5FRQWURO RU SUHPL5 RUSUHPL5 :KHQ WXPRUV UHDFKHGPP SUHPL5V
ZHUHLQMHFWHGDWDQ0FRQFHQWUDWLRQHYHU\GD\V7KHSUHPL5VDUHLQMHFWHGGLUHFWO\LQWR
WKH WXPRU YROXPH $ WRWDO RI ȝO DW Q0 ZHUH LQMHFWHG LQ  GLIIHUHQW ORFDWLRQV IRU HDFK
WXPRU(DFKH[SHULPHQWDOJURXSFRQVLVWHGRIPLFH,WLVLPSRUWDQWWRQRWHWKDWLQRXUPRGHO
WKH EDVHOLQH PHWDVWDWLF UDWH GHSHQGV RQ WKH QXPEHU RI FHOOV LQLWLDOO\ XVHG IRU SDUDWLELDO
LQMHFWLRQ7KXVGLIIHUHQWFHOOQXPEHUVLQMHFWHGDFFRXQWVIRUWKHGLIIHUHQWEDVHOLQHPHWDVWDWLF
UDWHVVKRZQLQ)LJXUHDQG)LJXUH
:KHQ WXPRU YROXPH UHDFKHG  RI ERG\ ZHLJKW PLFH ZHUH VDFULILFHG SULRU WR DQ
LQWUDSHULWRQHDOLQMHFWLRQRIOXFLIHULQHVXEVWUDWHPJ'OXFLIHULQHPJPRXVH,QWHUFKLPWR
HYDOXDWH OXQJ PHWDVWDVLV E\ ELROXPLQHVFHQFH 1LJKW2ZO %(57+2/' /% 7XPRU DQG
PHWDVWDVLVVDPSOHVZHUHFROOHFWHGWRDQDO\]HJHQHH[SUHVVLRQE\57T3&5
Statistical analysis
)RUHDFKH[SHULPHQWDOGDWDSRLQWWKH6(0IURPUHSOLFDWHH[SHULPHQWVZDVFDOFXODWHGDVQRWHG
LQ WKH OHJHQGV DQG LV VKRZQ DV HUURU EDUV $OO HUURU EDUV VKRZ 6(0 IRU DW OHDVW WULSOLFDWH
PHDVXUHPHQW IURP UHSUHVHQWDWLYH H[SHULPHQWV 7KH PHDQ  6(0 ZDV FDOFXODWHG IRU DOO
JURXSVDQGFRPSDUHGE\WZRWDLOHGSDLUHG6WXGHQWVWWHVWRUE\$129$ZLWKWKH%RQIHUURQL
PXOWLSOHFRPSDULVRQVWHVWIRUpost-hocDQDO\VLV3ULVPVRIWZDUHZDVXVHGIRUDOOVWDWLVWLFDO
DQDO\VLV 
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5HVXOWV

$VXEVHWRIPLFUR51$VUHJXODWHGVHOHFWLYHO\E\ǻ1SWDUJHWWKH7*)ȕSDWKZD\
([SUHVVLRQ RI WKH GLIIHUHQW LVRIRUPV RI S VHHPV WR EH FRUUHODWHG ZLWK WKH PHWDVWDWLF
SRWHQWLDORIKXPDQFDQFHUVLQFOXGLQJVTXDPRXVFHOOFDUFLQRPD6&&SURVWDWHFDQFHU
EODGGHUFDQFHUDQGVRPHEUHDVWFDQFHUV7RLGHQWLI\PL5VUHJXODWHGE\SZH
DEODWHGHQGRJHQRXVSH[SUHVVLRQE\ OHQWLYLUDO51$LQWHUIHUHQFH IROORZHGE\JOREDOPL5
H[SUHVVLRQSURILOLQJXVLQJWKH([LTRQ/RFNHG1XFOHLF$FLG/1$3ODWIRUP)LJXUHV$DQG
%:HSHUIRUPHGWKLVLQLWLDOH[SHULPHQWLQ-+8VTXDPRXVFHOOFDUFLQRPD6&&FHOOV
DKXPDQWXPRUGHULYHGOLQH WKDWH[SUHVVHVKLJKOHYHOVRIHQGRJHQRXVǻ1SĮZKLFKLV WKH
PDMRUSLVRIRUPH[SUHVVHGLQERWKQRUPDOEDVDOHSLWKHOLDOFHOOVDQGWKHPDMRULW\RIKXPDQ
6&&V$WKRXUVDVLJQLILFDQWIUDFWLRQRIPL5VLGHQWLILHGDVUHSURGXFLEO\UHJXODWHG
E\SZHUHXSUHJXODWHGIROORZLQJSNQRFNGRZQFRQVLVWHQWZLWKWKHHVWDEOLVKHGDELOLW\RI
WKHPDMRUHQRGRJHQRXV∆1SαLVRIRUPWRIXQFWLRQDVDWUDQVFULSWLRQDOUHSUHVVRU)LJXUH%
WKHIXOOOLVWRIVLJQLILFDQWO\UHJXODWHGPL5VLVSURYLGHGLQ6XSSOHPHQWDO)LJXUH$

5HPDUNDEO\ H[DPLQDWLRQ RI SUHGLFWHG WDUJHW JHQHV RI WKHVH SUHJXODWHG PL5V XVLQJ D
FRPELQDWLRQ RI LQ VLOLFR UHVRXUFHV 7DUJHW6FDQ 0LFUR&RVP 'LDQD/DE DQG PL5$1'$
UHYHDOHG WKDW IRXU RI WKH VL[WHHQ VLJQLILFDQWO\ XSUHJXODWHG PL5V PL5 PL5 PL5
S DQG PL5 ZHUH DOO SUHGLFWHG WR KDYH WDUJHWV LQ WKH 7*)ȕ SDWKZD\ LQFOXGLQJ
TGFBR2DQGSMAD4)LJXUH&DQG6XSSOHPHQWDO)LJXUH$%HFDXVHSDQGS
DUHNQRZQWRUHJXODWHDFRPPRQVXEVHWRIJHQHVZHSHUIRUPHGGLUHFWYDOLGDWLRQRISDQG
SGHSHQGHQWUHJXODWLRQRIWKHVHIRXUHQGRJHQRXVPL5V)LJXUH'DQG()RUS
ZHXVHGWKHVDPHOHQWLYLUDO51$LQWHUIHUHQFHDSSURDFKHPSOR\HGIRUWKHDUUD\DQDO\VLVWKHQ
YDOLGDWHG GLUHFWO\ E\ T3&5 WKH IRXU PL5V DV UHSUHVVHG E\ HQGRJHQRXV ∆1S ,Q RUGHU WR
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GHWHUPLQH ZKHWKHU 7$S LVRIRUPV UHJXODWHG WKHVH HQGRJHQRXV PL5V ZH XVHG FHOOV
H[SUHVVLQJ WHWUDF\FOLQH WHWLQGXFLEOH 7$SĮ QR PL5 UHJXODWLRQ ZDV REVHUYHG
6XSSOHPHQWDO)LJXUH% ,QRUGHU WR WHVWSGHSHQGHQWPL5UHJXODWLRQZHSHUIRUPHG WKH
VDPH H[SHULPHQW XVLQJ WHWLQGXFLEOH 7$Sβ D PDMRU S LVRIRUP H[SUHVVHG LQ HSLWKHOLDO
FHOOV∆1SEHLQJQRWH[SUHVVHGLQRXU6&&PRGHOLWDSSHDUHGQRWUHOHYDQWWRVWXG\LWV
LPSOLFDWLRQ LQ WKLV QHWZRUN ,QGXFWLRQ RI TAp73β P51$ LV GHWHFWDEOH ZLWKLQ RQH KRXU
IROORZLQJDGGLWLRQRI WHWUDF\FOLQH LQ WKHVHFHOOV 6XSSOHPHQWDO)LJXUH&DQG LQGXFWLRQRI
HDFKRIWKHIRXUPL5VZDVDOVRREVHUYHGDWWKLVHDUO\WLPHSRLQW$VDFRQWUROZHWHVWHGXS
UHJXODWLRQ RI WKH GLUHFW S WUDQVFULSWLRQDO WDUJHW JHQH PUMA ZKLFK ZDV FRLQFLGHQW ZLWK
SGHSHQGHQWPL5UHJXODWLRQ)LJXUH(DQG6XSSOHPHQWDO)LJXUH&7KXVHDFKRIWKHVH
PL5VLVVHOHFWLYHO\UHJXODWHGE\∆1SDQG7$SβEXWQRWE\7$SLVRIRUPV

:HWKHQWHVWHGWKHDELOLW\RISSDQGWKHLUUHJXODWHGPL5VWRFRQWUROWKH7*)ȕSDWKZD\
)LJXUH & HPSOR\LQJ WKH 6PDGVSHFLILF UHSRUWHU FRQVWUXFW &$*$OX[  7KLV
UHSRUWHULQFOXGHVFRSLHVRI WKH60$'ELGLQJPRWLIIXVHGWROXFLIHUDVH&RWUDQVIHFWLRQ
RIWKHUHSRUWHUZLWKWKHFRUUHVSRQGLQJV\QWKHWLFPL5GXSOH[HVLQHDFKFDVHH[FHSWIRUPL5
LQKLELWHG7*)ȕLQGXFHGOXFLIHUDVHH[SUHVVLRQUHODWLYHWRWKHFRQWUROUHSRUWHUODFNLQJWKH
60$'ELGLQJPRWLI6LQFHWKHDUUD\EDVHGDQDO\VLVZDVQRWYDOLGDWHGH[SHULPHQWDOO\IRU
PL5 WKLV PL5 ZLOO QR ORQJHU EH SDUW RI WKH VWXG\ )LJXUH ) &RQVLVWHQW ZLWK RXU
SURSRVHG PRGHO IRU SSGHSHQGHQW UHJXODWLRQ RI WKLV SDWKZD\ )LJXUH & HFWRSLF
ǻ1SĮ H[SUHVVLRQ ZKLFK GHFUHDVHV H[SUHVVLRQ RI WKHVH HQGRJHQRXV PL5V VWLPXODWHG WKH
7*)ȕLQGXFHGOXFLIHUDVHUHSRUWHUH[SUHVVLRQ7KLVHIIHFWZDVDEROLVKHGE\ WKH LQWURGXFWLRQ
RIDVLQJOHSRLQWPXWDWLRQLQǻ1SĮ5:ZKLFKDEURJDWHVWKHDELOLW\RISWRELQGWR
'1$HPSKDVL]LQJWKHUROHRIGLUHFW'1$ELQGLQJLQWKLVUHJXODWRU\SURFHVV)LJXUH*
7KHUROHRIHQGRJHQRXVǻ1SĮLQWKLVSDWKZD\ZDVVKRZQWKURXJKNQRFNGRZQH[SHULPHQWV
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ZKLFK OHG WR D GHFUHDVH LQ 7*)ȕGHSHQGHQW OXFLIHUDVH UHSRUWHU LQGXFWLRQ 6XSSOHPHQWDO
)LJXUH')LQDOO\HFWRSLFH[SUHVVLRQRI7$SβZKLFK LQFUHDVHV WKHH[SUHVVLRQRI WKHVH
HQGRJHQRXV PL5V OHG WR DQ LQKLELWLRQ RI 7*)ȕLQGXFHG OXFLIHUDVH H[SUHVVLRQ FRPSDUHG WR
FRQWURO)LJXUH*
 
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PL5DQGPL5UHSUHVV6PDGDQG7ȕ5,,UHVSHFWLYHO\
7ZR SUHGLFWHG VHHG ELQGLQJ VHTXHQFHV IRU PL5 DQG RQH IRU PL5S DUH SUHVHQW
ZLWKLQWKHTȕRII¶875DQGWZRSUHGLFWHGVHHGVHTXHQFHVIRUPL5DUHSUHVHQWZLWKLQWKH
SMAD4¶8756XSSOHPHQWDO)LJXUH$%7KXVLQRUGHUWRYDOLGDWHWKHSUHGLFWHG7*)ȕ
SDWKZD\SURWHLQVWDUJHWHGE\PL5PL5DQGPL5SZHILUVWSHUIRUPHG¶875
UHSRUWHU DVVD\V 8VLQJ D TȕRII ¶875 UHSRUWHU FRQVWUXFW ZH YDOLGDWHG WKH PL5 DV D
UREXVW UHSUHVVRU RI TȕRII, DQG HOLPLQDWHG PL5S IURP WKH SRWHQWLDO FDQGLGDWHV
6XSSOHPHQWDO)LJXUH&7RDGGUHVVGLUHFWSMAD4 DQGTȕRII UHJXODWLRQE\PL5DQG
PL5UHVSHFWLYHO\ZHLQWURGXFHGSRLQWPXWDWLRQVZLWKLQWKHVH¶875UHSRUWHUFRQVWUXFWV
WKHQFRWUDQVIHFWHG WKHVHFRQVWUXFWVZLWK PL5PLPLFV DOVRFDOOHGSUHPL5V 6XSSOHPHQWDO
)LJXUH $ % $V SUHGLFWHG LQ ERWK FDVHV PL5PHGLDWHG GRZQ UHJXODWLRQ RI WKH ¶875
UHSRUWHU ZDV FRPSOHWHO\ DEROLVKHG ZKHQ D UHSRUWHU FRQWDLQLQJ WKH PXWDQW 875 ZDV XVHG
LQVWHDG)LJXUH$2IQRWHWKHORQJVL]HRIWKHSMAD4 ¶875IRUFHGXVWRGLYLGHLWLQWZR
VPDOOHUVHJPHQWVDQGWRPDNHWZRUHSRUWHUFRQVWUXFWVWKLVUHYHDOHGWRXVWKDWRQO\WKHVHFRQG
ELQGLQJ VLWH IRU PL5 ZLWKLQ WKH SMAD4 ¶875 ZDV DFWLYH )LJXUH $ 7R WHVW WKH
HQGRJHQRXVPL5UHJXODWLRQZHFRWUDQVIHFWHGDQWLPL5VLQWR6&&FHOOVZLWKHLWKHUWKHZLOG
W\SHRUPXWDQW875UHSRUWHU&RQVLVWHQWZLWKRXUPRGHODQGDQWLPL5VPHGLDWHGXS
UHJXODWLRQ RI WKH SMAD4 DQG TȕRII ¶875 FRQVWUXFWV UHVSHFWLYHO\ 6XSSOHPHQWDO )LJXUH
'

:HQH[WWHVWHGHIIHFWVRQWKHHQGRJHQRXVP51$OHYHOVIRUSMAD4DQGTGFBR2SHUIRUPLQJ
HFWRSLF H[SUHVVLRQRIPLFUR51$VZLWKSUHPL5V ,Q DGGLWLRQZH WHVWHG WKH FRQWULEXWLRQRI
WKHHQGRJHQRXVPL5VXVLQJDQDQWLPL5VWUDWHJ\$VSUHGLFWHG WUDQVIHFWLRQRI WKH WZRPL5
PLPLFV VXSSUHVVHG WKH HQGRJHQRXV SMAD4 P51$ OHYHO )LJXUH % ZKLOH H[SUHVVLRQ RI
VSHFLILFDQWLPL5VFDXVHGDVLJQLILFDQW LQFUHDVH LQHQGRJHQRXVSMAD4P51$IRUPL5
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DQGPL5EXWQRWIRUPL56XSSOHPHQWDO)LJXUH()RU7ȕ5,,RQO\WKHPL5PLPLF
IRU PL5 ZDV DEOH WR UHSUHVV HQGRJHQRXV TȕRII P51$ OHYHO )LJXUH % DQG RQO\ WKH
DQWLPL5 LQFUHDVHG WKH HQGRJHQRXV TȕRII P51$ OHYHO 6XSSOHPHQWDO )LJXUH ( 2I
QRWH WKHVH H[SHULPHQWV FRQILUPHG DJDLQ WKDWPL5SFDQQRW UHJXODWH HLWKHUSMAD4 RU
TȕRII VR ZH GLVFDUGHG LW IURP RXU OLVW RI SRWHQWLDO PL5V UHJXODWLQJ WKH 7*)ȕ SDWKZD\
%HFDXVH PL5V FDQ DOVR EH WUDQVODWLRQDO UHJXODWRUV ZH QH[W HYDOXDWHG WKH HIIHFWV RI WKH
HQGRJHQRXV PL5V XVLQJ DQWLPL5V IROORZHG E\ ZHVWHUQ EORW 7KHVH H[SHULPHQWV FRQILUPHG
PL5DVDUHJXODWRURI60$'DQGPL5DVDUHJXODWRURI7ȕ5,,DWWKHSURWHLQOHYHO
)LJXUH&$VDYDOLGDWLRQRIRXUPRGHODQGRIWKH7*)ȕSDWKZD\UHJXODWLRQZHSHUIRUPHG
ZHVWHUQ EORWV IRU WKH HQGRJHQRXV SKRVSKRU\ODWHG IRUP RI 60$' 360$' DIWHU
WUHDWPHQWZLWK7*)ȕ,QGHHGLQFRQWUROFRQGLWLRQVZHREVHUYHGDQLQFUHDVHLQ360$'DV
D UHVXOW RI 7*)ȕ WUHDWPHQW )LJXUH ' $IWHU WUDQVIHFWLRQ RI WKH UHVSHFWLYH SUHPL5V DQG
DQWLPL5VRQO\WKRVHFRUUHVSRQGLQJWRPL5ZHUHDEOHWRUHJXODWHWKHSKRVSKRU\ODWLRQRI
60$'IROORZLQJ7*)ȕWUHDWPHQW7KLVILQGLQJLVH[SHFWHGJLYHQWKDWRQO\WKLVPL5KDVD
WDUJHWXSVWUHDPRI60$'LQWKH7*)ȕSDWKZD\QDPHO\7ȕ5,,)LJXUH'7KLVUHVXOWKDV
EHHQFRQILUPHGLQ011*+26FHOOOLQH6XSSOHPHQWDO)LJXUH)




 
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ǻ1SĮDQG7$SȕUHJXODWH6PDGDQG7ȕ5,,
$FFRUGLQJWRRXUPRGHOLIǻ1SĮDQG7$SȕUHJXODWHPL5DQGPL5FRQWUROOLQJ
SMAD4 DQGTȕRII WKHQWKHPRGXODWLRQRI WKHVHIDFWRUVVKRXOGLPSDFW WKHOHYHORI60$'
DQG7ȕ5,,DQGFRQVHTXHQWO\WKH7*)ȕUHVSRQVHLQWKHFHOOV7KLVK\SRWKHVLVZDVILUVWWHVWHG
E\T3&5ZKLFKVKRZHGWKDWSMAD4EXWQRWSMAD7 H[SUHVVLRQZDVVSHFLILFDOO\UHSUHVVHG
E\ HFWRSLF H[SUHVVLRQ RI 7$Sȕ RU NQRFNGRZQ RI HQGRJHQRXV S )LJXUH $ DQG
6XSSOHPHQWDO )LJXUH $ 7KH VDPH UHJXODWLRQ ZDV REVHUYHG IRU TȕRII )LJXUH $ DQG
6XSSOHPHQWDO)LJXUH$VSUHGLFWHGE\RXUPRGHOWKHSULQFLSDOILQDOWDUJHWVRIWKHSDWKZD\
CTGFDQGPAI-1ZHUHDOVRUHJXODWHGLQWKHVDPHZD\)LJXUH$DQG6XSSOHPHQWDO)LJXUH
 7KH HIIHFW RQ PAI-1 ZDV DOVR FRQILUPHG LQ WKH 011*+26 FHOO OLQH 6XSSOHPHQWDO
)LJXUH % 7KH HFWRSLF H[SUHVVLRQ RI ǻ1SĮ GHVFULEHG DV D UHSUHVVRU RI RXU PL5V RI
LQWHUHVWLQGXFHGDVH[SHFWHGWKHH[SUHVVLRQOHYHORISMAD4, TȕRII, CTGF and PAI-1)LJXUH
%2IQRWHZHDOVRREVHUYHGWKHLQGXFWLRQRITȕRIZKLFKLVQRWDSUHGLFWHGWDUJHWRIWKHVH
PL5VEXWZKLFKVXSSRUWVIXQFWLRQDOO\WKHRYHUH[SUHVVLRQRITȕRII.)XUWKHUPRUHWKHSURWHLQ
OHYHOVRI60$'DQG7ȕ5,,DQDO\]HGE\ZHVWHUQEORWZHUHDOVRFRQVLVWHQWZLWKRXUPRGHO
,QGHHG DEODWLRQ RI HQGRJHQRXV S DQG S RYHUH[SUHVVLRQ ERWK UHSUHVVHG 60$' DQG
7ȕ5,, SURWHLQ OHYHOV DQG DOVR UHSUHVVHG WKH SKRVSKRU\ODWLRQ RI 60$' IROORZLQJ 7*)ȕ
WUHDWPHQW )LJXUH & 7KH HIIHFW RI ǻ1SĮ RYHUH[SUHVVLRQ ZDV WKHQ HYDOXDWHG LQ WKH
011*+26 RVWHRVDUFRPD FHOO OLQH PRGHO ODFNLQJ WKLV SURWHLQ LVRIRUP $V H[SHFWHG ZH
REVHUYHGDQLQFUHDVHRIWKH60$'DQG7ȕ5,,SURWHLQOHYHOVDQGDOVRDVWURQJLQFUHDVHRIWKH
SKRVSKRU\ODWLRQRI60$'IROORZLQJ7*)ȕWUHDWPHQW6XSSOHPHQWDO)LJXUH&
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7KHǻ1SĮDQG7$SȕUHJXODWHGPL5QHWZRUNFRQWUROV7*)ɴLQGXFHGPLJUDWLRQ
:HILUVW WHVWHG WKH IXQFWLRQDO UHOHYDQFHRIRXUPRGHOXVLQJ PXOWLSOH LQGHSHQGHQW PLJUDWLRQ
DVVD\V7KHSURPLJUDWLRQSURSHUWLHVRI7*)ȕZHUHDVVHVVHGXVLQJDER\GHQFKDPEHUWHVW
:HILUVW WUDQVIHFWHGSUHPL5VIRURXU WZRPL5VRI LQWHUHVW%RWKSUHPL5VFRUUHVSRQGLQJWR
PL5DQGPL5GHFUHDVHGPLJUDWLRQLQGXFHGE\7*)ȕIURPWRDQGIURP
WRUHVSHFWLYHO\)LJXUH$ZKLOHWKRVHSUHPL5VGRQRWDIIHFWFHOOYLDELOLW\DW
DOOXQGHUWKHVDPHH[SHULPHQWDOFRQGLWLRQV6XSSOHPHQWDO)LJXUH$
:HWKHQSHUIRUPHGWKHVDPHH[SHULPHQWLQSUHVHQFHRIǻ1SĮDQG7$Sȕ$IWHUKRXUV
RI 7*)ȕ WUHDWPHQW DW QJPO FRQFHQWUDWLRQ ZH REVHUYHG D  LQFUHDVH LQ PLJUDWLRQ
FRPSDUHGWRFRQWUROFRQGLWLRQV$VSUHGLFWHGE\RXUPROHFXODUDQDO\VLVHFWRSLFH[SUHVVLRQRI
7$Sȕ GHFUHDVHG JOREDO PLJUDWLRQ E\  )LJXUH % ,Q FRQWUDVW WKH H[SUHVVLRQ RI
ǻ1SĮLQFUHDVHGVWURQJO\WKHHIIHFWVRI7*)ȕDVLQGLFDWHGE\DQLQFUHDVHLQPLJUDWLRQIURP
WRRIWKHXQWUHDWHGFRQGLWLRQV,QWHUHVWLQJO\ZLWKRXW7*)ȕWUHDWPHQWWKHH[SUHVVLRQ
RIǻ1SĮVHHPVWRVOLJKWO\GHFUHDVHWKHEDVDOPLJUDWRU\SRWHQWLDORIWKHFHOOVDVSUHYLRXVO\
QRWHG)LJXUH%'LUHFWHYLGHQFHVKRZLQJWKDWǻ1SĮUHJXODWHV7*)ȕVLJQDOLQJYLD
GRZQUHJXODWLRQRIPL5DQGPL5LVSURYLGHGE\WKHDEURJDWLRQRIWKHSURPLJUDWLRQ
SRWHQWLDO RI ǻ1SĮ IROORZLQJ RYHUH[SUHVVLRQ RI PL5 DQG PL5 )LJXUH %
$FFRUGLQJO\ZHDOVRREVHUYHGE\:HVWHUQ%ORWWKDWRYHUH[SUHVVLQJWKHVHPL5VDEURJDWHGWKH
HIIHFWVRQ60$'FDXVHGE\ǻ1SĮH[SUHVVLRQ6XSSOHPHQWDO)LJXUH%'LUHFWHYLGHQFH
VKRZLQJWKDW7$SȕUHJXODWHV7*)ȕVLJQDOLQJYLDXSUHJXODWLRQRIPL5DQGPL5LV
SURYLGHGE\WKHDEURJDWLRQRIWKHDQWLPLJUDWLRQSRWHQWLDORI7$SȕIROORZLQJDQWLPL5
DQG  WUDQVIHFWLRQ 6XSSOHPHQWDO )LJXUH & )LQDOO\ ZH YDOLGDWHG WKH SURPLJUDWLRQ
SRWHQWLDORI7ȕ5LQ WKHSUHVHQFHRI7*)ȕDQGWKH LQKLELWLRQRI WKLVHIIHFWE\ WKHPL5
6XSSOHPHQWDO)LJXUH'
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2IQRWHWKHGLIIHUHQFHLQWKHUHVSRQVHWR7*)ȕWUHDWPHQWEHWZHHQWKHUHVSHFWLYHFRQWUROVRI
)LJXUH $ DQG % LV GXH WR WKH LQWHQWLRQDO GLIIHUHQFH LQ WKH FHOO QXPEHU SODWHG ZKLFK
GHSHQGHGRQWKHH[SHULPHQWDOK\SRWKHVLVLQFUHDVHGRUGHFUHDVHGPLJUDWLRQ

7KHPLJUDWLRQSRWHQWLDORIWKHFHOOVLQWKHSUHVHQFHRI7*)ȕZDVDOVRWHVWHGXVLQJDQLQYLWUR
ZRXQGKHDOLQJDVVD\DOVRFDOOHGDVFUDWFKDVVD\(FWRSLFH[SUHVVLRQRI7$SȕGHFUHDVHGWKH
FHOO PLJUDWLRQ SRWHQWLDO E\ DERXW  FRPSDUHG WR FRQWURO ZKLOH H[SUHVVLRQ RI ǻ1SĮ
LQFUHDVHG LW E\ PRUH WKDQ )LJXUH & :H WKHQ WHVWHG WKH FRQWULEXWLRQ RI WKHVH PL5V
GLUHFWO\XVLQJSUHPL5VDQGDQWLPL5V2YHUH[SUHVVLRQRISUHPL5DQGGHFUHDVHGWKH
FHOO PLJUDWLRQ SRWHQWLDO E\ DERXW  DQG  UHVSHFWLYHO\ FRPSDUHG WR WKH DQWLPL5
FRQWURO ZKLOH RYHUH[SUHVVLRQ RI DQWLPL5  DQG  LQFUHDVHG LW E\ PRUH WKDQ  DQG
 UHVSHFWLYHO\ )LJXUH ' DQG (  *OREDOO\ WKRVH GDWD VXSSRUW WKH SURPLJUDWRU\
SRWHQWLDORIHQGRJHQRXVSDQGWKHDQWLPLJUDWRU\HIIHFWRIHQGRJHQRXVPL5DQGPL5
LQD7*)ȕULFKPLFURHQYLURQPHQWFRQWH[W 
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ǻ1SĮLQGXFHV7*)ɴPHGLDWHGPHWDVWDVLVLQYLYR
%HFDXVHZHGHPRQVWUDWHGLQYLWURWKDWǻ1SĮLQFUHDVHVFHOOPLJUDWLRQLQSUHVHQFHRI7*)ȕ
ZHZLVKHGWRYHULI\ZKHWKHUǻ1SĮFRXOGLQFUHDVHLQYLYRWKHPHWDVWDWLFSRWHQWLDORIWXPRU
FHOOVLQDSK\VLRORJLFDOFRQWH[WZKHUH7*)ȕLVERWKSUHVHQWDQGLPSRUWDQW2QHVXFKLQYLYR
PRGHO LV RVWHRVDUFRPD D SULPDU\ ERQH WXPRU 7KLV W\SH RI WXPRU UHFUXLWV RVWHRFODVWV DQG
WKHUHE\ LQGXFHV DEQRUPDO ERQH UHVRUSWLRQ ZKLFK LQ WXUQ UHOHDVHV JURZWK IDFWRUV LQFOXGLQJ
7*)ȕ IURP WKH ERQH PDWUL[ DQG VWLPXODWHV WXPRU SUROLIHUDWLRQ DQG SRWHQWLDOO\ PHWDVWDVLV
GLVVHPLQDWLRQ  ,Q WKLV ZD\ RVWHRVDUFRPD FHOOV HVWDEOLVK D YLFLRXV F\FOH RI ERQH
UHVRUSWLRQDQGWXPRUJURZWKLQZKLFK7*)ȕKDVEHHQVKRZQWRSOD\DUROH

7RVWXG\WKHLQIOXHQFHRIǻ1SĮRQWXPRUFHOOPHWDVWDWLFSRWHQWLDOLQSUHVHQFHRI7*)ȕZH
XVHG WKH KXPDQ RVWHRVDUFRPD FHOO OLQH 011*+26 $Q LPSRUWDQW FKDUDFWHULVWLF RI WKH
011*+26FHOOVIRUWKHVHH[SHULPHQWVLVWKHLUYHU\ORZǻ1SĮH[SUHVVLRQOHYHOSURYLGLQJ
XV WKH RSSRUWXQLW\ WR GLUHFWO\ DVVHVV WKH FRQWULEXWLRQ RI LQFUHDVHG ǻ1SĮ WKURXJK VWDEOH
HFWRSLFH[SUHVVLRQRI WKLVSURWHLQ )LJXUH$:HILUVWYDOLGDWHG LQYLWUR WKDW UHSUHVVLRQRI
PL5VDQGZDVREVHUYHGIROORZLQJRYHUH[SUHVVLRQRIǻ1SĮ6XSSOHPHQWDO)LJXUH
$,QGHHGZHREVHUYHGDQLQFUHDVHGVHQVLWLYLW\RIWKHSH[SUHVVLQJ011*+26WRWKH
SURPLJUDWRU\ SRWHQWLDO RI 7*)ȕ )LJXUH % 7KH VDPH UHVXOW ZDV REVHUYHG LQ DQ
H[SHULPHQWDVVHVVLQJ LQYDVLRQ WKURXJK PDWULJHO DW WKH ERWWRP RI D ER\GHQ FKDPEHU ,Q
SUHVHQFH RI 7*)ȕ WKH LQYDVLRQ RI WKH SH[SUHVVLQJ 011*+26 LQFUHDVHG E\ 
ZKHUHDVLQWKHVDPHFRQGLWLRQVWKHFRQWUROFHOOVLQFUHDVHGWKHLULQYDVLRQE\RQO\)LJXUH
% 7KH PDWUL[ PHWDOORSURWHLQDVH 003V DUH SURWHDVHV DFWLYDWHG E\ WKH 7*)ȕ SDWKZD\
FDSDEOH RI GHJUDGLQJ PXOWLSOH H[WUDFHOOXODU PDWUL[ SURWHLQV 7KH SURLQYDVLYH SRWHQWLDO RI
ǻ1SĮLQSUHVHQFHRI7*)ȕFRXOGEHSDUWLDOO\H[SODLQHGE\DQLQFUHDVHGDFWLYLW\RI003
DVGHPRQVWUDWHGE\RXU]\PRJUDSK\H[SHULPHQW6XSSOHPHQWDO)LJXUH%7DNHQWRJHWKHU
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WKHVH LQ YLWUR REVHUYDWLRQV YDOLGDWH RXU K\SRWKHVLV WKDW ǻ1SĮ LQFUHDVHV 7*)ȕGHSHQGHQW
PLJUDWLRQDQGLQYDVLRQ

$QLQYLYRHYDOXDWLRQRIRXUK\SRWKHVLVZDVWKHQSHUIRUPHGXVLQJDKXPDQ[HQRJUDIWPRGHO
LQYROYLQJ 011*+26 FHOOV WKDW UHFDSLWXODWHV IHDWXUHV RI WKH KXPDQ GLVHDVH  :H
LQMHFWHGFRQWURO011*+26FHOOVRUWKHLUǻ1SĮH[SUHVVLQJFRXQWHUSDUWVWRPLOOLRQ
FHOOV SDUDWLELDOO\ LQWR DWK\PLF PLFH ,PSRUWDQWO\ QR VLJQLILFDQW GLIIHUHQFH LQ RUWKRWRSLF
WXPRU JURZWK ZDV REVHUYHG EHWZHHQ FRQWURO DQG SH[SUHVVLQJ 011*+26 IROORZLQJ
LQMHFWLRQ)LJXUH&$WGD\VIROORZLQJLQMHFWLRQWKHDQLPDOVZHUHVDFULILFHGWKHOXQJV
GLVVHFWHGDQG WKHQXPEHURI PHWDVWDVLFQRGXOHV HYDOXDWHGXVLQJDQRSWLFDOPLFURVFRSH:H
REVHUYHG D UHPDUNDEOH LQFUHDVH LQ WKH QXPEHU RI OXQJ PHWDVWDWLF QRGXOHV LQ PLFH LQMHFWHG
ZLWK ǻ1SĮH[SUHVVLQJ 011*+26 FRPSDUHG WR WKH FRQWURO FRXQWHUSDUWV DQ DYHUDJH RI
 YV  PHWDVWDWLF QRGXOHVPRXVH UHVSHFWLYHO\ )LJXUH ' 0RUHRYHU WKH PHWDVWDWLF
QRGXOHV IURP ǻ1SĮH[SUHVVLQJ WXPRUV ZHUH QRW RQO\ PRUH QXPHURXV EXW DOVR ODUJHU
)LJXUH ' 1RWDEO\ WKH DQDO\VLV RI WKH RUWKRWRSLF WXPRUV DW WKH HQG RI WKH H[SHULPHQW
FRQILUPHGWKDWDIWHUGD\VWKHWUDQVIHFWHG011*+26ZHUHVWLOORYHUH[SUHVVLQJǻ1SĮ
UHODWLYH WR FRQWURO FHOOV E\ IROG )LJXUH ( (YHQ PRUH GUDPDWLF ZDV WKH H[SUHVVLRQ RI
ǻ1SĮ LQ WKH PHWDVWDWLF OHVLRQV ZKLFK ZDV PRUH WKDQ IROG FRPSDUHG WR WKH FRQWURO
PHWDVWDVHV 7KLV ILQGLQJ VXJJHVWV VWURQJ VHOHFWLRQ IRU ǻ1SĮ H[SUHVVLRQ GXULQJ WKH
PHWDVWDWLFSURFHVV6LPLODUO\DKLJKHUOHYHORIǻ1SĮZDVDOVRREVHUYHGLQPHWDVWDVHVWKDQ
LQWKHUHVSHFWLYHRUWKRWRSLFWXPRUV)LJXUH)0RUHRYHUDVSUHGLFWHGE\RXULQYLWURGDWD
WKH PHWDVWDVHV VKRZHG D VWURQJ GHFUHDVH LQ HQGRJHQRXV PL5 DQG PL5 H[SUHVVLRQ
OHYHOV )LJXUH))LQDOO\ LQ WKLV VDPHJURXSRIPLFHKDUERULQJDǻ1SĮRYHUH[SUHVVLQJ
WXPRU WKH RUWKRWRSLF WXPRUV WKDW JDYH ULVH WR PHWDVWDVHV H[SUHVVHG D KLJKHU OHYHO RI ERWK
SMAD4DQGTȕRIIFRPSDUHGWRRUWKRWRSLFWXPRUVWKDWGLGQRWPHWDVWDVL]H)LJXUH*7KH
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SURWHLQ OHYHO RI 60$' DQG360$' DV D UHDGRXW RI7ȕ5 DFWLYLW\ ZHUH HYDOXDWHG E\
LPPXQRKLVWRFKHPLVWU\:HREVHUYHGLQWKHWXPRUVWKDWJDYHULVHWRPHWDVWDVLVERWKDODUJHU
DUHD RI FHOOV H[SUHVVLQJ 60$' DQG WKH SUHVHQFH RI SUROLIHUDWLYH WXPRU FHOO IROOLFOHV
KDUERULQJQXFOHDU360$'6XSSOHPHQWDO)LJXUH&

:H WKHQ YDOLGDWHG WKH UHOHYDQFH RI WKLV HQGRJHQRXV PL57*)ȕ SDWKZD\ LQ RVWHRVDUFRPD
SDWLHQWVDPSOHV:HREWDLQHGIURPWKH8QLYHUVLW\RI1DYDUUDSDLUVRIRVWHRVDUFRPDSULPDU\
WXPRUV DQG WKHLU UHVSHFWLYH OXQJ PHWDVWDVLV ELRSV\ VSHFLPHQV T3&5 DQDO\VLV UHYHDOHG D
GHFUHDVHG OHYHO RI PL5 DQG PL5 LQ WKH PHWDVWDVHV DQG D FRQFRPLWDQW LQFUHDVH RI
SMAD4 DQG TȕRII 6XSSOHPHQWDO )LJXUH '. &ROOHFWLYHO\ WKHVH GDWD VXSSRUW WKH SUR
PLJUDWRU\ SRWHQWLDO RI ǻ1SĮ WKURXJK LWV UHJXODWLRQ RI WKH HQGRJHQRXV PL5PL5
6PDG7ȕ5,,QHWZRUNLQDQLQYLYR7*)ȕULFKPLFURHQYLURQPHQWDOFRQWH[W
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PL5DQGPL5UHJXODWHPHWDVWDWLFGLVVHPLQDWLRQLQYLYR
:H QH[W HYDOXDWHG GLUHFWO\ WKH PHWDVWDVLV UHJXODWLRQ SRWHQWLDO RI PL5 DQG PL5 LQ
YLYR WKURXJK LQMHFWLRQ RI WKH UHVSHFWLYH SUHPL5 FRQVWUXFWV LQWR RVWHRVDUFRPD RUWKRWRSLF
WXPRUV$VQRWHGWKLVW\SHRIWXPRUZDVVHOHFWHGIRULWVPHWDVWDWLFGLVVHPLQDWLRQVHQVLWLYLW\
WR 7*)ȕ  2UWKRWRSLF WXPRUV ZHUH JHQHUDWHG E\ SDUDWLELDO LQMHFWLRQ RI  PLOOLRQ
011*+26 FHOOV H[SUHVVLQJ ERWK OXFLIHUDVH DQG *)3  $W PP RI WXPRU YROXPH
PLFH ZHUH WUHDWHG HYHU\ K ZLWK Q0 SUHPL5 FRQWURO PL5FWJURXS RU SUHPL5
PL5 JURXS )LJXUH $ 1R GLIIHUHQFHV LQ SULPDU\ RUWKRWRSLF WXPRU JURZWK ZHUH
REVHUYHGEHWZHHQPL5DQGPL5WUHDWHGWXPRUVYHUVXVWKHFRQWUROJURXS)LJXUH%
$W WKHWXPRUYROXPHHQGSRLQWPP WKHDYHUDJHQXPEHURI OXQJPHWDVWDVHVIRUPL5
PL5RU WKHFRQWUROJURXSZHUHHYDOXDWHGERWKYLVXDOO\DQGXVLQJELROXPLQHVFHQFH
LPDJLQJ RI OXQJV DIWHU VDFULILFH )LJXUH & ' 0LFH LQMHFWHG ZLWK PL5 DQG PL5
GHPRQVWUDWHGDVLJQLILFDQWUHGXFWLRQRIOXQJPHWDVWDWLFQRGXOHV7RFUHGHQWLDOWKHPHFKDQLVP
RIWKLVHIIHFWDJHQHH[SUHVVLRQDQDO\VLVZDVWKHQSHUIRUPHGRQELRSVLHVIURPWKHFRQWURODQG
WKH PL5LQMHFWHG JURXSV :H ILUVW YDOLGDWHG WKH HIILFLHQF\ RI WKH PL5 LQMHFWLRQ LQWR WKH
RUWKRWRSLF WXPRU ,QGHHG T3&5 DQDO\VLV UHYHDOHG D VHYHQ DQG D WZRIROG LQFUHDVH LQ PL5
H[SUHVVLRQLQWKHRUWKRWRSLFWXPRUIURPWKHPL5DQGPL5WUHDWHGJURXSUHVSHFWLYHO\
)LJXUH(),QDJUHHPHQWZLWKRXUPRGHODWWULEXWLQJDQWLPHWDVWDWLFSRWHQWLDO WRPL5
DQG PL5ZHREVHUYHG D ORZHU OHYHO RI PL5RU PL5 LQ WKH PHWDVWDWLF QRGXOHV
FRPSDUHGWR WKHRUWKRWRSLF WXPRUDQGWKLVGLIIHUHQFHZDVUHIOHFWHGIXQFWLRQDOO\ LQDKLJKHU
OHYHORISMAD4RUTȕRIIUHVSHFWLYHO\LQWKHPHWDVWDWLFOHVLRQV)LJXUH()7KHVHILQGLQJV
ZHUHIXUWKHUFRQILUPHGDWWKHSURWHLQOHYHOWKURXJKLPPXQRKLVWRFKHPLVWU\IRU60$'DQG3
60$'6XSSOHPHQWDOILJXUH$1RWDEO\WKHIHZPHWDVWDVHVREVHUYHGLQWKHPL5DQG
PL5 JURXSV H[SUHVV D ORZHU OHYHO RI SMAD4 DQG TȕRII UHVSHFWLYHO\ FRPSDUHG WR WKH
PL5FW JURXS YDOLGDWLQJ WKHLU LQKLELWLRQ E\ PL5 DQG PL5 &RUUHVSRQGLQJO\
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LPPXQRKLVWRFKHPLVWU\ VKRZHG GHFUHDVHG 60$' DQG 360$' LQ WKHVH VSHFLPHQV
6XSSOHPHQWDO)LJXUH%
,QNHHSLQJZLWKDFRQWULEXWLRQRIWKLVSDWKZD\LQFDUFLQRPDVDVZHOODVPHVHQFK\PDOWXPRUV
ZHIRXQGDZHDNEXWVWDWLVWLFDOO\VLJQLILFDQWLQYHUVHFRUUHODWLRQEHWZHHQǻNp63DQGPL5
LQDVPDOOFRKRUWRIEUHDVWWXPRUVSHFLPHQV6XSSOHPHQWDOILJXUH&DQGWKHDQDO\VLVRID
ODUJHUFRKRUWIURP*(2UHYHOHGDJDLQDZHDNEXWVWDWLVWLFDOO\VLJQLILFDQWLQYHUVHFRUUHODWLRQ
EHWZHHQPL5DQGSMAD46XSSOHPHQWDOILJXUH' 
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SPL5DQGPL5UHJXODWHDZRXQGKHDOLQJSDWKZD\
)LQDOO\ZHVRXJKWWRGLVFRYHUWKHQRUPDOSK\VLRORJLFDOFRQWH[WIRUWKHUHJXODWRU\QHWZRUNZH
KDG XQFRYHUHG 2I LPPHGLDWH LQWHUHVW ZDV ZRXQG KHDOLQJ D ELRORJLFDO SURFHVV LQYROYLQJ
FRPSOH[ UHJXODWLRQ RI YDULRXV SDWKZD\V LQFOXGLQJ FHOO PLJUDWLRQ SUROLIHUDWLRQ DQG
H[WUDFHOOXODUPDWUL[UHPRGHOLQJJHQHUDOO\VWLPXODWHGE\7*)ȕDQGUHFHQWO\VKRZQWRLQYROYH
ǻ1SĮ  7KXV ZH DVNHG ZKHWKHU WKH HQGRJHQRXV ǻ1SĮPL5 QHWZRUN UHJXODWLQJ
WKH7*)ȕSDWKZD\ZHLGHQWLILHGZDVDVVRFLDWHGZLWKDQHZO\LGHQWLILHGSDWKZD\FRQWUROOLQJ
WKH QRUPDO ZRXQG KHDOLQJ UHVSRQVH 5HFHQWO\ 7*)ȕ VLJQDOLQJ KDV EHHQ GHVFULEHG DV
VZLWFKLQJRIIDQWLPLJUDWRU\PL5H[SUHVVLRQE\GRZQUHJXODWLQJWKH51$ELQGLQJSURWHLQ
.653,QGHHG.653SURPRWHVWKHELRJHQHVLVRIDVXEVHWRIPLFUR51$VKDUERULQJWKH
*8*PRWLIDVLQPL5ZLWKLQLWVWHUPLQDOORRS0RUHRYHULWKDVEHHQGHPRQVWUDWHG
WKDW SKRVSKRU\ODWHG 560$' SURWHLQV WKH WUDQVGXFHUV RI 7*)ȕ VLJQDOLQJ DFWLYDWH WKH
H[SUHVVLRQ RI D PL5 WDUJHWLQJ .653  6XSSRUWLQJ WKH OLQN EHWZHHQ RXU PRGHO DQG WKH
ZRXQGKHDOLQJKSRPPL5SDWKZD\)LJXUH$ZHQRWHG WKDW LQRXU LQLWLDOPLFURDUUD\
DQDO\VLV VK51$PHGLDWHG LQKLELWLRQ RI HQGRJHQRXV S UHVXOWHG LQ D QHDUO\ IROG
XSUHJXODWLRQ RI PL5 6XSSOHPHQWDO )LJXUH$)XUWKHU VXSSRUWLQJ WKLV OLQN ZH IRXQG
WKDW WKH H[SUHVVLRQ RI KSRP LV UHSUHVVHG E\ WKH H[SUHVVLRQ RI ǻ1SĮ DQG LQFUHDVHG
IROORZLQJ WKH H[SUHVVLRQ RIERWK PL5DQG PL5 ,QNHHSLQJZLWK UHJXODWLRQRI WKLV
ZRXQGKHDOLQJSDWKZD\E\WKHHQGRJHQRXVSPL5FLUFXLWZHREVHUYHGWKDWKSRP 
LVXSUHJXODWHGE\UHSUHVVLRQRIHQGRJHQRXVSZKLOHUHSUHVVLRQRIHLWKHUHQGRJHQRXVPL5
RUPL5ZLWKDQWLPL5VOHDGVWRKSRPUHSUHVVLRQ)LJXUH&

:H WKHQ YDOLGDWHG GLUHFWO\ WKH SUHGLFWHG FRQVHTXHQFHV RI WKHVH HIIHFWV RQ PL5
H[SUHVVLRQ$VDQWLFLSDWHGPL5LVUHSUHVVHGE\WKHH[SUHVVLRQRIǻ1SĮDQGDFWLYDWHG
DIWHUUHSUHVVLRQRIHQGRJHQRXVS)LJXUH'&RQYHUVHO\WKHRYHUH[SUHVVLRQRIERWKPL5
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DQGPL5OHDGVWRH[SUHVVLRQRIPL5ZKLOHUHSUHVVLRQRIWKHVHHQGRJHQRXVPL5V
ZLWKDQWLPL5VOHGWRPL5UHSUHVVLRQ)LJXUH(7KXVWKHSPL5FLUFXLWZH
KDYHGLVFRYHUHGLVDQHQGRJHQRXVUHJXODWRURIWKHNH\ZRXQGKHDOLQJIDFWRUV.653DQGPL5

 
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'LVFXVVLRQ
0HWDVWDWLF GLVVHPLQDWLRQ RI FDQFHU LV D FRPSOH[ DQG FRQWH[WGHSHQGHQW SURFHVV WKDW LV
UHVSRQVLEOH IRU WKHYDVWPDMRULW\RIFDQFHU OHWKDOLW\8QGHUVWDQGLQJ WKHPROHFXODUGHWDLOVRI
WKLV SURFHVV ZLOO WKXV EH FULWLFDO IRU GHYHORSLQJ PRUH HIIHFWLYH WKHUDSHXWLFV +HUH ZH
GHPRQVWUDWHWKDWǻ1SĮWKHPDMRUSLVRIRUPH[SUHVVHGLQWKHHSLWKHOLXPDQGVTXDPRXV
PDOLJQDQFLHV LQFOXGLQJ +16&& HQKDQFHV 7*)ȕGHSHQGHQW PHWDVWDWLF GLVVHPLQDWLRQ 7KLV
HIIHFWLVPHGLDWHGWKURXJKGLUHFWLQKLELWLRQRIDPL5WUDQVFULSWLRQDOQHWZRUNLQYROYLQJPL5
DQGPL5$NH\QRYHOIHDWXUHRIRXUZRUNLVGHPRQVWUDWLQJKRZǻ1SĮIXQFWLRQV
WR FRQWURO FHOOXODU PLFURHQYLURQPHQWDO FXHV YLD 7*)ȕ ,Q FRQWUDVW WR 7$S ZKLFK LV
SURSRVHG WR EH FRQWUROOHG E\ XSVWUHDP 7*)ȕ60$' DFWLYDWLRQ  ZH UHYHDO D GLVWLQFW
SDWKZD\ZKHUHE\ǻ1SĮFRQWUROVGRZQVWUHDP7*)ȕ60$'DFWLYLW\6XSSRUWLQJDVHOHFWLYH
UROHIRUǻ1SĮLQWKLVPHFKDQLVPZHSURYLGHHYLGHQFHWKDWWKLVSDWKZD\LVLQYROYHGLQWKH
QRUPDOZRXQGKHDOLQJUHVSRQVHZKLFKLWVHOIKDVEHHQOLQNHGWRǻ1SĮ,QGHHGLQ
WKHFRQWH[WRIRXURUWKRWRSLFPRGHOZHREVHUYHGVXEVWDQWLDOO\LQFUHDVHGǻ1SĮH[SUHVVLRQ
LQWKHPHWDVWDWLFOHVLRQVUHODWLYHWRWKHUHVSHFWLYHSULPDU\WXPRUVDQGLQDGYDQFHGVTXDPRXV
FDUFLQRPDVZHKDYHVKRZQWKDWǻ1SĮP51$OHYHOVH[FHHGWKRVHRI7$SE\XSWR
IROG:KLOHPXOWLSOHPHFKDQLVPVLQFOXGLQJFORQDOVHOHFWLRQRUHSLJHQHWLFUHJXODWLRQDUH
OLNHO\ WR FRQWULEXWH WR VHOHFWLRQ IRU ǻ1SĮ LQ WKHVH GLVWLQFW FRQWH[WV WKHVH ILQGLQJV
FROOHFWLYHO\SRLQWWRǻ1SĮDVDGULYHURIWXPRUSURJUHVVLRQDQGPHWDVWDVLV

2XU GDWD VXJJHVW WKDW LQ D 7*)ȕULFK PLFURHQYLURQPHQW ǻ1SĮ LV D SURPHWDVWDWLF
WUDQVFULSWLRQIDFWRU7KLVFRQWH[WDQGLVRIRUPVSHFLILFHIIHFWRIǻ1SĮPD\H[SODLQWKHODFN
RIDJUHHPHQWLQWKHOLWHUDWXUHRQWKHFRQWULEXWLRQRIWKLVSLVRIRUPWRFDQFHUGLVVHPLQDWLRQ
2QH VWXG\ VKRZHG WKDW ǻ1SĮ SURPRWHV WXPRU IRUPDWLRQ DQG PHWDVWDVLV WKURXJK WKH
UHJXODWLRQ RI brachyury H[SUHVVLRQ DQ LPSRUWDQW JHQH IRU OLPE GHYHORSPHQW ZKLFK LV DOVR
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LPSOLFDWHGLQERWKHSLWKHOLDOWRPHVHQFK\PDOWUDQVLWLRQ(07DQGPHVHQFK\PDOWRHSLWKHOLDO
WUDQVLWLRQ0(75HODWHGWRWKH(07SURFHVVǻ1SĮDOVRSURPRWHVWKHH[SUHVVLRQRI
DWOHDVWRQHLPSRUWDQWPHVHQFK\PDOPDUNHULQEODGGHUFDQFHUDVZHOODVDFFHOHUDWHV(07LQ
QRUPDOKXPDQNHUDWLQRF\WHV,QFRQWUDVWRWKHUVWXGLHVKDYHUHSRUWHGSDQGRUǻ1SĮ
DV DQ DQWLPHWDVWDWLF IDFWRU WKURXJK WKH XSUHJXODWLRQ RI FDVSDVH DQG &' IRU H[DPSOH
 $GGLWLRQDOO\ ǻ1SĮ ZDV VKRZQ WR QHJDWLYHO\ UHJXODWH (UN VLJQDOLQJ IRU IXUWKHU
LQKLELWLRQRIFHOOPLJUDWLRQDQGLQYDVLRQLQEUHDVWFDQFHU

2XU VWXG\ UHVROYHV VRPH RI WKHVH FRQIOLFWLQJ GDWD E\ HPSKDVL]LQJ WKH FRQWULEXWLRQ RI WKH
WXPRUPLFURHQYLURQPHQW7KLVLVDSDUDPHWHUQRWDFFRXQWHGIRULQPDQ\VWXGLHVLQWKHILHOG
\HW VR LPSRUWDQW IRU XQGHUVWDQGLQJ WKH FRPSOH[LW\ RI PHWDVWDWLF GLVVHPLQDWLRQ ,QFOXGLQJ
7*)ɴLQWKHHTXDWLRQGHVFULELQJWKHUROHRISLQPHWDVWDWLFGLVVHPLQDWLRQKHOSVFODULI\WKLV
UROH$FFRUGLQJO\ZHSHUIRUPHG LQYLYRYDOLGDWLRQRIRXUK\SRWKHVLV LQDQRUWKRWRSLFERQH
WXPRU PRGHO IRU WZR HVVHQWLDO UHDVRQV )LUVW WKHVH FHOOV H[SUHVV OLWWOH RU QR ǻ1SĮ
SURYLGLQJXVRSSRUWXQLW\WRH[SHULPHQWDOO\LQWURGXFHWKLVSURWHLQLQRUGHUWRVWXG\LWVHIIHFWV
6HFRQGDQGHYHQPRUHLPSRUWDQWO\RVWHRVDUFRPDGHYHORSVLQDERQHPLFURHQYLURQPHQWWKH
ODUJHVWUHVHUYRLUIRU7*)ȕ:KHQWXPRUFHOOVUHDFKERQ\VLWHVDµYLFLRXVF\FOH¶EHWZHHQ
WXPRUFHOOVDQGORFDOERQ\FHOOVLVHVWDEOLVKHGUHVXOWLQJLQDORVVRIHTXLOLEULXPEHWZHHQERQH
UHVRUSWLRQDQGERQHPDWUL[GHSRVLWLRQ,QWKHFDVHRIRVWHRO\WLFPHWDVWDWLFOHVLRQVWKHEDODQFH
ZLOOEHQGWRZDUGVWKHRVWHRFODVWLFSRSXODWLRQOHDGLQJWRDKLJKERQHUHVRUSWLRQ'HJUDGDWLRQ
RIERQHPDWUL[UHOHDVHVKLJKTXDQWLWLHVRIF\WRNLQHV7*)ȕDQG,*)ZKLFKIXUWKHUHQKDQFH
WXPRUFHOOSUROLIHUDWLRQWKDW LQ WXUQZLOOFDXVHPRUHRVWHRO\VLVDQGOLEHUDWLRQRI7*)ȕERWK
ORFDOO\ DQG LQ WKH JHQHUDO FLUFXODWLRQ  7KXV RXU ILQGLQJV GHPRQVWUDWH D JHQHUDO
PHFKDQLVP ZKHUHE\ ǻ1SĮH[SUHVVLQJ FHOOV LQ D 7*)ȕULFK PLFURHQYLURQPHQW DUH
SRVLWLYHO\ VHOHFWHGGXULQJPHWDVWDWLFGLVVHPLQDWLRQRZLQJ WR WKH UHSUHVVLRQRIPL5DQG
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PL5 DQG WKH VXEVHTXHQW XSUHJXODWLRQ RI WZR PDMRU SURWHLQV RI WKH 7*)ȕ SDWKZD\
60$' DQG 7ȕ5,, 7R GHPRQVWUDWH LQ YLYR WKDW WKH SUR PHWDVWDWLF DFWLYLW\ RI ǻ1SĮ LV
PHGLDWHG E\ WKH UHSUHVVLRQ RI PL5 DQG PL5 DQRWKHU FRQWURO LQ YLYR H[SHULPHQW
PLJKW EH SHUIRUPHG ZKHUH D JURXS RI PLFH LQMHFWHG ZLWK ǻ1SĮ RYHUH[SUHVVLQJ FHOOV DUH
DOVRWUHDWHGZLWKPL5DQGPL5

,PSRUWDQWO\ ZH SURYLGH HYLGHQFH IRU WKH HQGRJHQRXV SK\VLRORJLFDO FRQWH[W LQ ZKLFK WKLV
ǻ1SĮPHGLDWHG SDWKZD\ QRUPDOO\ IXQFWLRQV ǻ1SĮ LV DQ HVWDEOLVKHG PHGLDWRU RI
HSLWKHOLDO UHJHQHUDWLYHSUROLIHUDWLRQ WKDWKDVEHHQQRW VXUSULVLQJO\ LPSOLFDWHG LQ WKHZRXQG
KHDOLQJ SURFHVV  $GGLWLRQDOO\ LW LV ZHOO HVWDEOLVKHG WKDW ZRXQG KHDOLQJ LQYROYHV
FRPSOH[UHJXODWLRQRIVLPLODUSDWKZD\VDVPHWDVWDWLFGLVVHPLQDWLRQLQFOXGLQJFHOOPLJUDWLRQ
DQGH[WUDFHOOXODUPDWUL[UHPRGHOLQJJHQHUDOO\VWLPXODWHGE\7*)ȕ7KHSK\VLRORJLFDO
UHOHYDQFH RI RXU ILQGLQJV LV WKHUHIRUH VWURQJO\ VXSSRUWHG E\ RXU GHPRQVWUDWLRQ RI WKH
FRQQHFWLRQ EHWZHHQ WKH ǻ1SĮPL5V QHWZRUN UHJXODWLQJ WKH 7*)ȕ SDWKZD\ RQ WKH RQH
KDQGDQG7*)ȕGHSHQGHQWUHJXODWLRQRIZRXQGKHDOLQJWKURXJK.653PL5RQWKHRWKHU
%\ GHPRQVWUDWLQJ WKH OLQN EHWZHHQ WKLV PHWDVWDWLF QHWZRUN DQG WKH QRUPDO ZRXQG KHDOLQJ
UHVSRQVH WKLV VWXG\ UHYHDOV D QHZ PHFKDQLVP WKURXJK ZKLFK GHUHJXODWLRQ RI S PD\
FRQWULEXWHWRKXPDQFDQFHU 

,Q FRQFOXVLRQZHKDYHXQFRYHUHG DQHZ PLFUR51$VQHWZRUN UHJXODWHGE\ǻ1SĮ LQ WKH
FRQWH[W RI D 7*)ɴULFK PLFURHQYLURQPHQW 7KLV QHWZRUN LV LQYROYHG LQ WKH SK\VLRORJLFDO
UHJXODWLRQ RI ZRXQG KHDOLQJ EXW LV KLMDFNHG E\ WKH WXPRU WR GLVVHPLQDWH PDNLQJ RXU
GLVFRYHU\ UHOHYDQW LQ ERWK SK\VLRORJLFDO DQG SDWKRORJLFDO FRQWH[WV 2XU VWXG\ RSHQV VRPH
SRWHQWLDO WKHUDSHXWLF SRVVLELOLWLHV )RU H[DPSOH PL5 DQG PL5 DORQJ ZLWK SMAD4
on March 18, 2016. © 2016 American Association for Cancer Research.cancerres.aacrjournals.org Downloaded from 
Author manuscripts have been peer reviewed and accepted for publication but have not yet been edited. 
Author Manuscript Published OnlineFirst on March 17, 2016; DOI: 10.1158/0008-5472.CAN-15-2317 
33 
 
DQGTȕRIIH[SUHVVLRQOHYHOVPLJKWEHXVHGFOLQLFDOO\DVELRPDUNHUV WRGHWHUPLQHZKHWKHURU
QRW SDWLHQWV DUH OLNHO\ WR GHYHORS PHWDVWDVLV 8OWLPDWHO\ XQGHUVWDQGLQJ VXFK PHWDVWDWLF
UHJXODWRU\QHWZRUNVVKRXOGDOVRSURYLGHWKHRSSRUWXQLW\IRUHIIHFWLYHWKHUDSHXWLFLQWHUYHQWLRQ
on March 18, 2016. © 2016 American Association for Cancer Research.cancerres.aacrjournals.org Downloaded from 
Author manuscripts have been peer reviewed and accepted for publication but have not yet been edited. 
Author Manuscript Published OnlineFirst on March 17, 2016; DOI: 10.1158/0008-5472.CAN-15-2317 
34 
 

$FNQRZOHGJPHQWV
7KLVSDSHUZDVZULWWHQDVDSDUWRIUHVHDUFKSURMHFWZKLFKUHFHLYHGIXQGLQJIURPWKH6HYHQWK
)UDPHZRUN3URJUDPPH>)3@XQGHUJUDQWDJUHHPHQWQ±%21(1(7
/:(LVIXQGHGE\52'(&DPLOOH-DFTXHVLVIXQGHGE\,16(50DQG5pJLRQ3D\V
GHODORLUH3KLOLSSH+XOLQ1DQWHV8QLYHUVLW\3,&HOOIRUWLPHODSVHPLFURVFRS\
$XWKRU&RQWULEXWLRQV
/5& %2 DQG /:( GHVLJQHG UHVHDUFK DLPV GHVLJQHG DQG SHUIRUPHG H[SHULPHQWV
DQDO\]HGGDWDDQGZURWHWKHSDSHU&-)/07*0%'674SHUIRUPHGH[SHULPHQWV
DQGDQDO\]HGGDWD)/HSURYLGHGWLVVXHV)9'+FRQWULEXWHGWRPDQXVFULSWSUHSDUDWLRQ
%2DQG/:(FRQWULEXWHGHTXDOO\WRWKHSUHVHQWZRUN
 
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)LJXUHOHJHQGV
)LJXUHSUHJXODWHGPLFUR51$VWDUJHWWKH7*)ȕSDWKZD\
D .QRFNGRZQ RI HQGRJHQRXV S 51$ WRS DQG SURWHLQ ERWWRP E\ SGLUHFWHG RU
FRQWURO &W OHQWLYLUDO VK51$ LQ -+8 KXPDQ 6&& FHOOV DW K %HWDWXEXOLQ β7XE
VHUYHV DV D ORDGLQJ FRQWURO E $UUD\ DQDO\VLV VKRZLQJ WKH IROGFKDQJH DQG GLUHFWLRQ RI
FKDQJHIRUDOOPL5VUHJXODWHG!IROGLQSDEODWHGYHUVXVFRQWUROVDPSOHVVKRZQLQD
PL5VSUHGLFWHG WR WDUJHWPHPEHUVRI WKH7*)ȕSDWKZD\DUH LQGLFDWHG LQ UHG F*UDSKLFDO
DEVWUDFW RI RXU ZRUNLQJ K\SRWKHVLV G 9DOLGDWLRQ RI S UHSUHVVLRQ RI PL5V WDUJHWLQJ WKH
7*)ȕSDWKZD\E\UHDOWLPHTXDQWLWDWLYH573&5T573&5DWKRXUVSRVWOHQWLYLUDOS
GLUHFWHGRUFRQWURO VK51$H[SUHVVLRQ LQ -+8FHOOV H9DOLGDWLRQRISDFWLYDWLRQRI
PL5VWDUJHWLQJWKH7*)ȕSDWKZD\E\T573&5DWDQGKRXUVSRVWWUHWUDF\FOLQHWUHDWPHQW
XVLQJ D WHWUDF\FOLQHLQGXFLEOH 7$Sȕ -+8 KXPDQ 6&& FHOOV I SS  UHJXODWHG
PL5VUHJXODWHWKH7*)ȕSDWKZD\$UHSRUWHUFRQVWUXFWFRQWDLQLQJWKH60$'ELGLQJPRWLIRI
3$, SURPRWHU IXVHG WR OXFLIHUDVH ZDV FRWUDQVIHFWHG ZLWK WKH LQGLFDWHG V\QWKHWLF PL5
GXSOH[HV 5HVXOWV VKRZ UHODWLYH OXFLIHUDVH XQLWV 5/8 QRUPDOL]HG WR WKH FRQWURO UHSRUWHU
ODFNLQJ WKH 60$' ELGLQJ PRWLI J SS UHJXODWHV WKH 7*)ȕ SDWKZD\ $ UHSRUWHU
FRQVWUXFWFRQWDLQLQJWKH60$'ELGLQJPRWLIRIPAI-1SURPRWHUIXVHGWROXFLIHUDVHZDVFR
WUDQVIHFWHG ZLWK WKH LQGLFDWHG S DQG S LVRIRUPV 5HVXOWV VKRZ UHODWLYH OXFLIHUDVH XQLWV
5/8QRUPDOL]HG WR WKHFRQWURO UHSRUWHU ODFNLQJ WKH60$'ELQGLQJPRWLI$OO HUURUEDUV
VKRZ VHP IRU WULSOLFDWH PHDVXUHPHQWV IURP UHSUHVHQWDWLYH H[SHULPHQWV  S   S
S7ZRZD\$129$IROORZHGE\7XNH\¶VPXOWLSOHFRPSDULVRQWHVWVZHUH
XVHG


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)LJXUHPL5DQGPL5UHSUHVV6PDGDQG7ȕ5,,UHVSHFWLYHO\
DPL5VDQGUHSUHVVJHQHH[SUHVVLRQYLDSMAD4DQGTȕRIIƍ875VUHVSHFWLYHO\
7KLV UHSUHVVLRQ LV ORVW ZKHQ PXWDQW VHHG VHTXHQFHV DUH LQWURGXFHG &RWUDQVIHFWLRQ RI WKH
LQGLFDWHG PL5 PLPLFV RU FRQWURO FW PL5 WRJHWKHU ZLWK WKH 875UHSRUWHU PXWDWHG 875
UHSRUWHU RU FRQWURO UHSRUWHU UHVXOWV VKRZ UHODWLYH OXFLIHUDVH XQLWV 5/8 QRUPDOL]HG WR WKH
FRQWURO PL5 IJ LQGLFDWHV IUDJPHQWSMAD4 ¶875ZDV WRR ODUJH WREH FORQHG LQ D VLQJOH
FRQVWUXFW2QHZD\$129$IROORZHGE\'XQQHWW¶VPXOWLSOHFRPSDULVRQWHVWVZHUHXVHG
S E T57±3&5 IRUSMAD4 DQGTȕRII51$ OHYHOV LQK PL5WUDQVIHFWHG -+8
FHOO OLQH F -+8 FHOOV ZHUH WUDQVIHFWHG ZLWK DQWLPL5 FW FRQWUROV RU DQWLPL5
FDQGLGDWHVDQWLPL5DQGDQWLPL5DQG60$'DQG7ȕ5,,H[SUHVVLRQOHYHOVZHUH
HYDOXDWHG E\ ZHVWHUQ EORWWLQJ K DIWHU WUDQVIHFWLRQ 'HQVLWRPHWU\ PHDVXUHPHQWV DUH
LQGLFDWHG G ,PPXQREORWWLQJ IRU 360$' DQG 60$' IURP -+8 FHOOV WUDQVIHFWHG
ZLWK SUHDQWL PL5 FW FRQWUROV RU SUHDQWL PL5V FDQGLGDWHV SUHDQWLPL5  DQG SUHDQWL
PL5&HOOVZHUHWUHDWHGRUQRWZLWKQJP/7*)ȕIRUPLQXWHV$OOHUURUEDUVVKRZ
VHPIRUWULSOLFDWHPHDVXUHPHQWVIURPUHSUHVHQWDWLYHH[SHULPHQWV

)LJXUHSDQGSUHJXODWH60$'DQG7ȕ5,,
DP51$H[SUHVVLRQRILQGLFDWHGNH\PHPEHUVRIWKH7*)ȕSDWKZD\DQDO\]HGRYHUWLPHE\
T573&5DIWHULQGXFWLRQRI7$SȕE\DWHWUDF\FOLQHLQGXFLEOHV\VWHPLQWKH-+8FHOO
OLQHET573&5IRUWKHLQGLFDWHGNH\PHPEHUVRIWKH7*)ȕSDWKZD\LQ-+8DIWHUK
RI WUDQVIHFWLRQZLWKSF'1$FRQWURORUSF'1$ǻ1SĮSSS
 7ZRZD\ $129$ IROORZHG E\ 7XNH\¶V PXOWLSOH FRPSDULVRQ WHVWV ZHUH XVHG F
,PPXQREORWWLQJ IRU 60$' DQG 360$' LQ -+8 DIWHU K RI WUDQVIHFWLRQ ZLWK
7$Sȕ DQG VK51$ IRU S ZLWK WKHLU UHVSHFWLYH FRQWUROV &HOOV ZHUH WUHDWHG RU QRW ZLWK
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QJP/ 7*)ȕ IRU  PLQXWHV WR VKRZ ORZHU DFWLYDWLRQ RI WKH 7*)ȕ SDWKZD\ S S
60$' DQG 7ȕ5,, SURWHLQ OHYHOV ZHUH DQDO\]HG LQ -+8 FHOOV DIWHU K RI WUDQVLHQW
RYHUH[SUHVVLRQRI7$SȕRUNQRFNGRZQRISXVLQJVK51$'HQVLWRPHWU\PHDVXUHPHQWV
DUH LQGLFDWHG $OO HUURU EDUV VKRZ VHP IRU WULSOLFDWH PHDVXUHPHQWV IURP UHSUHVHQWDWLYH
H[SHULPHQWV

)LJXUH7KHSDQGSFRQWUROOHGPL5QHWZRUNUHJXODWHV7*)ȕLQGXFHGPLJUDWLRQ
D-+8FHOOVZHUHWUDQVIHFWHGZLWKLQGLFDWHGPL5PLPLFVRUZLWKFRQWUROKODWHUFHOOV
ZHUH WUHDWHG RU QRW ZLWK 7*)ȕ QJP/ DQG ZHUH UHWUHDWHG EHIRUH WKH PLJUDWLRQ WHVW E
-+8 FHOOV ZHUH WUDQVIHFWHG ZLWK 7$Sȕ ǻ1SĮ RU SF'1$ FRQWURO &HOOV ZHUH
WUHDWHG RU QRW ZLWK 7*)ȕ QJP/ K ODWHU DQG UHWUHDWHG EHIRUH WKH PLJUDWLRQ WHVW
0LJUDWHGFHOOVZHUHFRXQWHGDIWHUKRIPLJUDWLRQLQER\GHQFKDPEHUV0LJUDWHGFHOOVZHUH
FRXQWHG DIWHU K RI PLJUDWLRQ LQ ER\GHQ FKDPEHUV  S   S   S 
7ZRZD\$129$IROORZHGE\7XNH\¶VPXOWLSOHFRPSDULVRQWHVWVZHUHXVHG$OOHUURUEDUV
VKRZ VHP IRU WULSOLFDWH PHDVXUHPHQWV IURP UHSUHVHQWDWLYH H[SHULPHQWV F 6FUDWFK DVVD\
ZDVSHUIRUPHG K DIWHU WUDQVIHFWLRQRI -+8 FHOOV ZLWK7$Sȕǻ1SĮ RU SF'1$
FRQWUROSULRUWRDK7*)ȕWUHDWPHQWRUQRWDWQJP/GH7KHVDPHVFUDWFKDVVD\ZDV
SHUIRUPHGKDIWHUWUDQVIHFWLRQRIWKHLQGLFDWHGPL5PLPLFVDQWLPL5VRUZLWKFRQWUROV

)LJXUHSLQGXFHV7*)ȕPHGLDWHGPHWDVWDVLVLQYLYR
D2YHUH[SUHVVLRQRIǻ1SĮP51$WRSDQGSURWHLQERWWRPLQǻ1SĮ+26JURXSYV
FRQWUROJURXSE+26FHOOVZHUHWUDQVIHFWHGZLWKǻ1SĮRUFRQWUROYHFWRUVDQGWUHDWHGRU
QRWZLWK7*)ȕQJP/DIWHUK&HOOPLJUDWLRQOHIWDQGLQYDVLRQULJKWZHUHDQDO\]HG
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DIWHU K 5HVXOWV DUH H[SUHVVHG LQ WHUPV RI FHOORFFXSLHG DUHD YV WRWDO DUHD 7ZRZD\
$129$ IROORZHG E\ 7XNH\¶V PXOWLSOH FRPSDULVRQ WHVWV ZHUH XVHG  S  F
7XPRUSURJUHVVLRQZDVFDOFXODWHGZLWK WKHIRUPXODW[ OZKHUHW LV WKHWXPRU WKLFNQHVV
DQGOLVWKHWXPRUOHQJWK$YHUDJHWXPRUYROXPHVIRUǻ1SĮRUFRQWUROJURXSVRYHUWLPHDUH
UHSUHVHQWHG LQ WKHJUDSK0DQQ:KLWQH\VWDWLVWLFDO WHVWZDVXVHG G1XPEHURIPHWDVWDVLV
IRXQG DW WXPRU YROXPH HQGSRLQW PP IRU HDFK PRXVH DQG DYHUDJH IRU ǻ1SĮ RU
FRQWURO JURXSV /XQJ LPDJHV ZHUH REWDLQHG DIWHU VDFULILFH VKRZLQJ WKH GLIIHUHQFH LQ
DSSHDUDQFHRI WKHǻ1SĮPHWDVWDVLVYV WKHFRQWUROJURXS$UURZV LQGLFDWHPHWDVWDWLF IRFL
0DQQ:KLWQH\ VWDWLVWLFDO WHVW ZDV XVHG HǻNp63Į I PL5 PL5 J TȕRII DQG
SMAD4 H[SUHVVLRQ OHYHOV ZHUH DQDO\]HG E\ T573&5 LQ WKH LQGLFDWHG JURXSV SULPDU\
WXPRUV37PHWDVWDVLV 0(7SULPDU\ WXPRUV WKDWGLGQRWSURGXFH PHWDVWDVLV 1RQPHW37
DQG WKDW GLG 0HW37 $OO HUURU EDUV VKRZ VHP IRU WULSOLFDWH PHDVXUHPHQWV IURP
UHSUHVHQWDWLYHH[SHULPHQWV

)LJXUHPL5DQGPL5UHJXODWHPHWDVWDVLVGLVVHPLQDWLRQLQYLYR
D([SHULPHQWDOVFKHPD0+26/XF)*)3ZHUHLQMHFWHGSDUDWLELDOO\LQQXGHPLFH$W
PP WXPRU YROXPH PLFH ZHUH WUHDWHG HYHU\ K ZLWK Q0 SUHPL5 FRQWURO PL5 FW
JURXS SUHPL5 PL5 JURXS RU SUHPL5 PL5 JURXS E 7XPRU
SURJUHVVLRQ ZDV FDOFXODWHG DV LQ )LJ  $YHUDJH WXPRU YROXPHV IRU PL5 PL5 RU
FRQWURO JURXSV RYHU WLPH DUH UHSUHVHQWHG LQ WKH JUDSK .UXVNDO:DOOLV WHVW IROORZHG E\
'XQQHWW¶V PXOWLSOH FRPSDULVRQ WHVW ZHUH XVHG F $YHUDJH QXPEHU RI PHWDVWDVLV IRXQG DW
WXPRUYROXPHHQGSRLQWPPIRUPL5PL5RUFRQWUROJURXSV0DQQ:KLWQH\
VWDWLVWLFDO WHVWZDVXVHGSG%LROXPLQHVFHQFHLPDJLQJRIOXQJVDIWHUVDFULILFHIRU
PL5 PL5 DQG FRQWURO JURXSV H PL5 DQG SMAD4 H[SUHVVLRQ OHYHOV ZHUH
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DQDO\]HGE\T573&5IPL5DQGTȕRII H[SUHVVLRQOHYHOVZHUHDQDO\]HGE\T573&5
$OOHUURUEDUVVKRZVHPIRUWULSOLFDWHPHDVXUHPHQWVIURPUHSUHVHQWDWLYHH[SHULPHQWV

)LJXUHSPL5DQGPL5UHJXODWHDZRXQGKHDOLQJSDWKZD\
D6FKHPDWLFUHSUHVHQWDWLRQRIWKHLQWHUSOD\EHWZHHQWKHSPL5PL5SDWKZD\DQG
WKH ZRXQG KHDOLQJ KSRPPL5 SDWKZD\ E KSRP H[SUHVVLRQ OHYHO DQDO\]HG E\ T57
3&5DIWHUKRYHUH[SUHVVLRQRIǻ1SĮRUVK51$DJDLQVWSDQGWKHLUUHVSHFWLYHFRQWUROV
LQ +26 FHOOV DQG  FHOOV UHVSHFWLYHO\ F ([SUHVVLRQ RI WKH SUHPL5 SUHPL5
DQWLPL5 DQWLPL5 DQG WKHLU FRQWUROV G PL5 H[SUHVVLRQ OHYHO DQDO\]HG E\
T573&5 DIWHU K RYHUH[SUHVVLRQ RI ǻ1SĮ RU VK51$ DJDLQVW S DQG WKHLU UHVSHFWLYH
FRQWUROVLQ+26FHOOVDQGFHOOVUHVSHFWLYHO\H([SUHVVLRQRIWKHSUHPL5SUHPL5
DQWLPL5DQWLPL5DQGWKHLUUHVSHFWLYHFRQWUROV$OOHUURUEDUVVKRZVHPIRU
WULSOLFDWHPHDVXUHPHQWVIURPUHSUHVHQWDWLYHH[SHULPHQWV
 
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